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Preface 


Prostate cancer is the second most common cancer in men worldwide and 
the fifth cause of cancer-related death in men. As the economy developed, 
the incidence of prostate cancer increased and substantial public health 
burden was on the rise. Although the examination of prostate-specific 
antigen increased, the chance of early detection of prostate cancer and 
advanced prostate cancer still exists and most cancer-related deaths are 
caused by not-localized, but advanced prostate cancer. Until now there is no 
perfect solution to overcome the advanced prostate cancer. Many efforts 
have been made and are under way to control the disease in various fields. 
There are many Clinical trials to treat metastatic prostate cancer whether it 
is hormone sensitive or castration resistant. New treatment approaches were 
approved after successful clinical trials. Therefore, our mission was to show 
the journey to overcome the advanced prostate cancer. 

The contents of the book range from localized high-risk prostate cancer 
to metastatic castration-resistant prostate cancer. We divided the book into 
four parts of treatment: surgery, radiotherapy, androgen deprivation therapy, 
and systemic chemotherapy-immunotherapy. In addition, this book contains 
recent clinical trials and some basic medical science and refers to the most 
recent references. This book covers universal content, while some areas 
include the latest in-depth professional content, so this book will be 
valuable for clinicians, specialists in urology or radiology, and researchers 
who deal with prostate cancer. 

I would like to thank all the authors for their thoughtful and timely 
contribution. Without the efforts and knowledge of the authors, this book 
could not be completed. I hope this book helps you with your research. 


Choung-Soo Kim 
Seoul, South Korea 
June 2018 
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1.1 Introduction 


Prostate cancer is the second most common cancer among men 
worldwidely and more than a million patients were newly diagnosed as 
prostate cancer [1]. Moreover, in developed countries, prostate cancer is 
ranked first among male cancer. In the view of mortality, prostate cancer is 
the fifth most common cause of death among male cancer, and 
approximately 307,500 patients died from prostate cancer worldwidely in 
2012. Given the high incidence of prostate cancer, the number of deaths 
from prostate cancer is relatively small compared to other cancers. In other 
words, prostate cancer is relatively indolent cancer, but nevertheless, a huge 
number of patients die from prostate cancer due to the high incidence of the 
disease. 

Since the usage of prostate-specific antigen (PSA) tests increased as 
screening purpose, early detection of prostate cancer has increased, and 


death from prostate cancer has been gradually reduced over time. However, 
in other parts, the concerns about the overdiagnosis and overtreatment have 
increased. As a result, in 2008, United States Prevention Services Task 
Force (USPSTF) concluded that there was insufficient evidence to 
recommend a PSA test even under men with 75 years old and UTPSTF 
recommended against routine PSA screening in 2012. After these 
recommendations, a decline in the incidence of localized prostate cancer 
has been reported, and these has been a raising concern for worsening of 
prostate cancer-specific survival, which could be a sign for increasing 
aggressiveness of the newly diagnosed prostate cancer. Based on some 
recent studies, intermediate- or high-risk prostate cancer reported to 
increase by 6% from 2011 to 2013 [2], which support this concern. In 
addition, metastatic prostate cancer has been increased from 2004 to 2013 
[3]. 

In addition, it is known that most of these prostate cancer-related deaths 
are caused by high-risk prostate cancer. In this regard, the need for proper 
assessment and treatment for high-risk prostate cancer is growing more than 
ever before. Thus, in recent years, there is a continuing effort to improve 
survival of high-risk prostate cancer by more active and multidisciplinary 
treatment although active surveillance is gradually taking place in the 
treatment for low-risk prostate cancer. In addition, many studies on high- 
risk prostate are continuing, and the treatment for high-risk prostate cancer 
is currently undergoing change. In addition, the development of imaging 
studies has enabled more precise disease staging and early diagnosis of 
metastatic disease. Therefore, clinicians should pay more attention to high- 
risk prostate cancer than ever before, and it is important to know the 
definitions, epidemiology, and natural history of high-risk prostate cancer. 
In this chapter, we will look at the natural history of high-risk prostate 
cancer, in addition to its definition and epidemiology of high-risk prostate 
cancer. 


1.2 The Definition of High-Risk Prostate Cancer 


The risk of prostate cancer has been traditionally stratified into three 
groups, including low-, intermediate-, and high-risk prostate cancer based 
on the Gleason score, PSA level at diagnosis, and clinical stage. D’ Amico 
et al. first defined high-risk prostate cancer as follows: clinical stage of T2c 


or greater, Gleason score of 8—10, or PSA level greater than 20 ng/mL [4]. 
Since then, various definitions of high-risk prostate cancer have been 
introduced although most definitions of high-risk prostate cancer are made 
using PSA level, Gleason score, and clinical stage similar to D’ Amico’s 
definition. The widely accepted definitions for high-risk prostate cancer 
were summarized in Table 1.1. 


Table 1.1 Definition of high-risk prostate cancer 


PSA Cee Gleason score Clinical stage 


American Urological Association >20 


y 


National ae Cancer Network ao a 
Radiation Therapy Oncology Group 20-100 = a 


y 


M 


However, since the risk stratification for prostate cancer generally 
divides all prostate cancer into three risk groups, each risk group includes 
prostate cancer with a wide variety of prognoses. Among each risk group, 
high-risk prostate cancer especially includes the most variety of disease, 
including localized disease with high Gleason score, locally advanced 
disease, lymph node invasive disease, hormone-naïve metastatic disease, 
and castration-resistant disease. In this regard, National Comprehensive 
Cancer Network (NCCN) guidelines further divided high-risk prostate 
cancer into high-risk and very high-risk prostate cancer [5]. In NCCN 
guidelines, very high-risk prostate cancer was defined as clinical stage of 
T3b or T4, primary Gleason pattern 5, or greater than 4 biopsy cores with 
Gleason score of 8—10. In addition, new grading system for prostate cancer 
was suggested by the 2014 International Society of Urological Pathology 
(ISUP) consensus conference on Gleason grading of prostatic carcinoma 
reflecting the results of recent studies [6]. Based on the 2014 ISUP criteria, 
high Gleason score, previously included Gleason score 8—10, was divided 
into two groups with Gleason grade group 4 (Gleason score of 8) and 
Gleason grade group 5 (Gleason score of 9 or 10). 

However, as the increasing number of treatment options has been 
developed, more refined classifications of the risk of prostate cancer are 
clinically needed. As a result, prostate cancer nomogram and/or prostate 
cancer risk assessment has been suggested to individually assessed the 


probability and risk of prostate cancer in each patient. Moreover, in recent 
studies, genetics-related factors have showed promising impacts on 
differentiating the prognosis of high-risk prostate cancer. Therefore, more 
accurate and individualized risk stratification could be possible in near 
future if these could be applied to daily clinical practice. 


1.3 Risk Factors for High-Risk Prostate Cancer 


Various factors are known to affect the probability of prostate cancer 
development. In addition, some of these factors and other factors are useful 
for predicting the presence of high-risk prostate cancer. For example, 
recently introduced Prostate Cancer Prevention Trial Risk Calculator 
(PCPTRC) incorporated ethnicity and family history for differentiating 
high-grade prostate cancer from low-grade prostate cancer [7]. In addition, 
there have been a large number of studies, which reported the probability of 
upstaging or upgrading after surgery. These predictors, which are associated 
with the presence of high-risk prostate cancer, could be helpful for selecting 
the appropriate treatment with an accurate risk classification for each 
patient with prostate cancer in the current clinical situation. Here, we briefly 
introduce well-established factors associated with the presence of high-risk 
prostate cancer. 

Ethnicity has been reported as one of the most well-established risk 
factors associated with the presence of high-risk prostate cancer, and 
African-Americans reported to have advanced prostate cancer compared to 
European American men. Conversely, Asian-American, Hispanic men, 
American Indian, Alaskan Native men, and Pacific Islanders with prostate 
cancer generally showed superior oncological outcomes compared to 
European American men with prostate cancer. Although the reasons for 
these findings are not yet sufficiently evaluated, recent genetics studies 
might be helpful in explaining these results. Recently, inherited gene 
change in prostate cancer is widely under investigation. Among these, 
BRCA2 (breast cancer type 2) mutation reported to confers about threefold 
elevated risk of high-risk prostate cancer. In addition, PTEN (phosphatase 
and tensin homolog) loss on chromosome 10, which reported to be common 
mutated genes in human cancer, regarded as worse prognostic factors for 
prostate cancer. Although TMPRSS2- (transmembrane protease, serine 2) 
ERG (estrogen-regulated gene) fusion status is a key genomic event for 


prostate cancer, its’ prognostic value has not been proven. Similarly, a 
family history of lethal prostate cancer is regarded as a predictor for the 
development of high-risk prostate cancer. However, more studies are 
needed to incorporate genetic factors in daily practice with sufficient 
reliability although some of genetic tests commercially available. 
Nevertheless, these information from genetics studies are expected to 
provide a great boost in the diagnosis and treatment of prostate cancer in a 
near future. 

There are several other possible factors associated with the development 
of high-risk prostate cancer. Recently, there has been an increasing 
evidence, which suggesting the association between obesity and aggressive 
prostate cancer. Similarly the association between metabolic syndrome and 
high-risk prostate cancer has been suggested although the high level of 
evidence is needed. The mechanisms that explain the relationship between 
obesity/metabolic syndrome and high-risk prostate cancer are as follows: 
(1) insulin/insulin-like growth factor (IGF) axis, (2) decreased level of 
androgen level, and (3) chronic inflammation. Based on the previous 
studies, prostatic inflammation and lower testosterone level are also 
reported as variables associated with high-grade prostate cancer. Prostate 
size is another variable, which is inversely associated with the high-grade 
and advanced prostate cancer although most of these associations are based 
on the retrospective observational studies. 

5a-reductase inhibitors (SaRIs) has been a well-known variable 
associated with the high-risk prostate cancer. Previously, 5aRIs have been 
suggested as chemopreventive drugs for prostate cancer, in addition to 
selenium, vitamin E, vitamin D, nonsteroidal anti-inflammatory drugs, 
statin medications, and a selective estrogen receptor modulator. Up to now, 
no compound, including 5aRIs, showed proven ability to prevent the 
development of prostate cancer and/or high-risk prostate cancer. However, 
interestingly, two large randomized studies evaluating the chemopreventive 
effects of 5aRIs reported that there was an increment in prostate cancer 
with Gleason score 8 or greater after treating 5aRI. On the contrary, more 
recent study reported that 5aRI was not associated with an increment in 
high-grade prostate cancer although overall prostate cancer was decreased 
after treating 5aRI, which was in accordance with previous two large 
randomized studies [8]. Considering these conflicting results, the 


associations between the usages of 5aRIs are currently controversial and 
remained to be verified. 


1.4 Natural History of High-Risk Prostate Cancer 


Currently, 20-35% of patients among newly diagnosed prostate cancer are 
determined as high-risk prostate cancer, and prostate cancer classified into 
high-risk disease showed various stage and aggressiveness. In this regard, 
natural history of high-risk prostate cancer could be also varied depending 
on the staging and the response to the hormonal treatment. For this reason, 
the natural history of prostate cancer will be presented based on these 
characteristics as follows: localized or locally advanced high-risk prostate 
cancer, hormone-naive metastatic prostate cancer, and castration-resistant 
prostate cancer. 


1.4.1 Localized or Locally Advanced High-Risk 


Prostate Cancer 


Traditionally, clinical stage of the prostate cancer has been determined 
based on the physical examinations (e.g., digital rectal examination). 
However, with the recent development of imaging modalities, radiologic 
examinations have been carried out to enable more precise preoperative 
staging of prostate cancer. Multiparametric magnetic resonance imaging 
(MRI) is currently regarded as the most reliable imaging study for 
evaluating the characteristics and staging or prostate cancer. For 
intermediate- or high-risk prostate cancer, MRI is recommended if its 
results change patient management. Multiparametric MRI has been reported 
as a useful diagnostic method for detecting locally advanced prostate cancer 
with sensitivity of 43-80% and specificity of 77-95%. Moreover, recent 
studies reported that MRI showed reliable results for predicting the local 
staging of prostate cancer (locally confined vs. extracapsular extensive vs. 
seminal vesicle invasive), which is regarded as an important variable 
predicting oncological outcomes. However, most of the studies on the 
natural history of high-risk prostate cancer were published before the 
application of recent imaging studies, and, as a result, there is little research 
on natural history according to the local staging based on the imaging 


studies. In this regard, the natural history of localized or locally advanced 
high-risk prostate cancer will be presented together. 

There have been only a few studies assessing the natural history of 
untreated localized or locally advanced high-risk prostate cancer. A 
European study with three decades of follow-up duration reported that 
about a half of patients with poorly differentiated disease died from prostate 
cancer within 5 years although these patients had early and localized 
prostate cancer at the timing of diagnosis [9]. Moreover, all men with high 
Gleason score (from 8 to 10) prostate cancer died within 10 years after 
diagnosis. Other study also reported that patients with high-grade prostate 
cancer had a high-risk of dying from prostate cancer within 10 years. Based 
on that study, about 121 deaths expected to be occurred per 1000 person- 
year [10]. Unfortunately, there is no large study reporting survival after 
conservative management in locally advanced disease. Previous study 
reported that patients with locally advanced disease developed distant 
metastases at 10 years in 12—55% of patients. In addition, based on small 
series, the 5-year overall survival of untreated patients with locally 
advanced prostate cancer reported to be widely variable from 10% to 92%, 
which might affect by the different patient and tumor characteristics among 
studies [11]. Because most of studies in these fields are small and biased, 
the natural history though to be not fully understood and cannot be applied 
to the total population of patients with locally advanced disease. 


1.4.2 Hormone-Naive Metastatic Prostate Cancer 


The traditional definition of hormone-sensitive metastatic prostate cancer is 
challenging after the approval of second-generation hormonal agents, 
including enzalutamide and abiraterone acetate. Because a considerable 
proportion of patients who treated with chemotherapy due to the resistant to 
the first-generation hormonal agents still respond to the second-generation 
hormonal agents, the concepts of hormone-naive prostate cancer have 
recently been proposed. In this section, the natural history of hormone- 
Naive prostate cancer with any suspicious metastatic lesion on preoperative 
imaging studies will be presented. 

In high-risk prostate cancer, metastatic work-ups, including pelvic 
computed tomography (CT) or MRI and bone scan, are recommended after 
considering the life expectancy and the presence of symptoms. However, 
unfortunately, the accuracy of the CT or MRI on detecting metastatic lymph 


nodes is not met for expectations. In this regard, several novel imaging 
studies for lymph node evaluation have been developed and introduced, 
such as 68 gallium- (68Ga) labeled prostate-specific membrane antigen 
(PSMA) positron emission tomography (PET) or 11 choline (11C) PET, 
which showed better accuracy compared to that of CT or MRI although 
these methods are not widely applied up to now. After wide spreads of these 
imaging studies, prognoses of lymph node invasive prostate cancer could be 
assessed based on the preoperative imaging studies, and these changes will 
be helpful for assessing the natural history of lymph node invasive prostate 
cancer. However, currently, there is only scanty data for the natural history 
of lymph node metastatic prostate cancer because most of the currently 
available data for these prostate cancers are from pathologically confirmed 
lymph node metastatic disease on surgical specimens obtained from radical 
prostatectomy with lymph node dissection. Based on the results from 
ECOG 388610 and 388611, patients with lymph node metastatic disease 
based on the results from lymphadenectomy without radical prostatectomy, 
who primarily underwent observation with delayed androgen deprivation 
therapy (ADT), showed a median survival of 11.3 years, which was 
significantly lower than patients who underwent immediate ADT 

(13.9 years). A median survival after radical prostatectomy reported to be 
about 12 years from retrospective long-term followed-up study. Although it 
is hard to conclude that any treatment is superior than the others, any single 
treatment is not thought to be satisfactory. In this regard, currently, the role 
of multidisciplinary treatment in patients with hormone-naive metastatic 
prostate cancer is increasing, and, currently, increasing evidence has been 
published that radical prostatectomy and lymph node dissection performed 
as part of multidisciplinary treatment improve the oncological outcomes in 
patients with lymph node metastatic prostate cancer. 

Prostate cancer most commonly spreads to the axial bone, and bone 
metastases eventually cause symptoms, such as bone pain, fracture, and 
decreased quality of life. Radionuclide bone scan is most widely used 
diagnostic examination to detect bone metastases in patients with prostate 
cancer. Although the specificity is not met for the expectance, the 
sensitivities of bone scan are between 62% and 89%, which thought to be 
acceptable. A median survival of patients with metastatic prostate cancer 
reported to be about 30—42 months [12]. A median survival of patients with 
metastatic disease after radical prostatectomy was about 6.6 years [13]. 


However, because some of these patients received a short course of 
hormonal therapy or salvage radiation therapy, interpretation of these results 
requires cautions. In these patients with metastasis, the burden of disease 
has been regarded as one of the most important predictors for oncological 
outcomes after treatment. The median survival of entire patients with bone 
metastasis who receive hormonal therapy reported to be about 30- 

35 months. However, in patients with solitary bone metastasis, the median 
survival was about 50 months. In this regard, the oligometastatic prostate 
cancer has been proposed based on the metastatic tumor burden. The 
oligometastasis was first defined by Hellman and Weichselbaum at 1995 as 
the state of metastases with five or less with untreated primary tumor. 
Recent advances in radiologic imaging have led to an increase in the 
diagnosis of oligometastatic prostate cancer. Due to the low specificity of 
bone scan, several imaging strategies, including single-photon emission 
computerized tomography (SPECT), PET, and skeletal MRI, for detecting 
bone metastasis have emerged, and some of these showed reliable results. 
The natural history of patients diagnosed as having oligometastatic prostate 
cancer on advanced imaging studies needs to be assessed in the future. 


1.4.3 Castration-Resistant Prostate Cancer 


Castration-resistant prostate cancer is defined in the European Association 
of Urology (EAU)—European Society for Radiotherapy and Oncology 
(ESTRO)—International Society of Geriatric Oncology (SIOG) guidelines 
as follows: castrate serum testosterone level <50 ng/mL or 1.7 nmol/L plus 
one of following (1) biochemical progression (three consecutive rises of 
PSA, 1 week apart, resulting in two 50% increases over the nadir, with 
PSA > 2 ng/mL (2) radiologic progression (the appearance of new lesions: 
either two or more new bone lesions on bone scan or enlargement of a soft 
tissue lesion using Response Evaluation Criteria in Solid Tumors (RECIST) 
criteria. In American Urological Association (AUA) guidelines, castration- 
resistant prostate cancer is defined as prostate cancer with a rising PSA 
level and/or radiographic evidence of prostate cancer progression despite 
medical or surgical castration. 

Castration-resistant prostate cancer could be further divided according 
to the presence of metastasis (nonmetastatic vs. metastatic castration- 
resistant prostate cancer). Currently, nonmetastatic castration-resistant 
prostate cancer is now seen in increasing proportions in the clinic because 


an increasing number of patients now begin hormonal treatment at very 
early stages. However, at present, there is no consensus regarding the most 
appropriate management for patients with nonmetastatic castration-resistant 
prostate cancer, and, moreover, the natural history of these patients 
remained to be assessed. In the current clinical guidelines, clinical trial is 
suggested as the most preferred treatment for these patients. In addition, 
more data are needed to characterize the natural history of nonmetastatic 
castration-resistant prostate cancer, and further study in these fields is 
needed. 

Metastatic castration-resistant prostate cancer most commonly involves 
the bone and resulted in bone pain and pathologic fracture, similar to 
hormone-naive metastatic prostate cancer. Most of the treatments for 
castration-resistant prostate cancer are performed on these patients. 
Although there have been only a few studies reporting the natural history of 
castration-resistant prostate cancer, survival in these patients is 
progressively improving with development of therapeutic drugs. A median 
survival in patients with castration-resistant prostate cancer after docetaxel 
was approximately 18.9 months, but a median survival after using 
enzalutamide and abiraterone acetate was 18.4 and 15.8 months in 
postchemotherapy setting and 35.3 and 34.7 months in prechemotherapy 
setting, respectively, although these data cannot be directly compared. 
Recently, more drugs and an increasing number of novel therapeutic targets 
for the treatment of castration-resistant prostate cancer have been under 
development than ever before, and some of currently developing drugs are 
likely to further expand our therapeutic arsenal in the near future. In 
addition, the site of metastases confers a prognostic impact in patients with 
prostate cancer. Although visceral metastasis in patients with prostate 
cancer reported to be relatively uncommon, it has been reported to be 
associated with poor survival. A median survival from diagnosis of visceral 
metastasis in men with castration-resistant prostate cancer was about 
7 months [14]. Among visceral metastases, a median survival in patients 
with liver metastases is about 10 months and lung metastasis is about 
14.4 months although patients with bone metastasis is about 15.7— 

19.0 months [15]. There are several prognostic biomarkers for castration- 
resistant prostate cancer including age, Gleason score, PSA, PSA kinetics, 
performance status, and pain. In addition, laboratory findings, including 
hemoglobin level, alkaline phosphatase, lactate dehydrogenase, and 


albumin, are also regarded as a prognostic factor for castration-resistant 
prostate cancer. Recently, novel methods for predicting the prognosis of 
castration-resistant prostate cancer, including the number of circulating 
tumor cells, have been proposed. 


1.5 Summary 


— Traditionally, high-risk prostate cancer is defined as follows: biopsy 
Gleason score 8—10, PSA level at diagnosis greater than 20 ng/mL, 
and clinical stage T2c/T3 or greater. 


— However, the definition of high-risk prostate cancer is evolving, and 
a more individualized risk stratification model is expected to be 
presented in near future. 


— There have been several factors related to the presence of high-risk 
prostate cancer although most of these need to be further validated. 


— The natural history of high-risk prostate cancer is diverse because 
high-risk prostate cancer is consisted of wide variety of disease, in 
terms of the staging and the response to the hormonal treatment. 


— Nonetheless, most high-risk prostate cancer has a detrimental effect 
on survival, and multidisciplinary treatment should be considered. 
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2.1 Introduction 


Radical prostatectomy (RP) has been regarded as one of the gold standard 
therapeutic option for localized or locally advanced prostate cancer patients. 
However, the surgery for localized low-risk prostate cancer may not be the 
standard anymore due to the concern of overtreatment recently. On the other 
hand, regarding the treatment of high-risk or locally advanced prostate 
cancer, the role of surgery started to extend their territory. 

The optimal purpose or outcome of the RP is the complete removal of 
the malignant tissue, inside or outside of the prostate. Therefore, the surgery 
for T NoMo should be the best, and the surgery for T,.N,;Mp could be also 
considered with concomitant lymph node dissection. But, the preoperative 
nodal (N) staging based on conventional computed tomogram (CT), 
magnetic resonance imaging (MRI), or positron emission tomography 


(PET) has limitation of sensitivity and specificity, and the routine standard 
or extended pelvic lymph node dissection has their own limitation because 
extra pelvic lymph node should be missed during procedure. With current 
standard imaging protocol, preoperative clinical staging cannot precisely 
rule out nodal or metastatic disease. False-positive outcome of current 
imaging protocol also has another obstacle for precise classification of RP 
candidate. We should agree that many patients classified as high-risk 
preoperatively pathologically diagnosed as organ-confined cancer from RP 
specimen and could be cured by RP alone [1]. 

Anyway, patients with locally advanced, clinical nodal/metastatic 
disease, or high-grade/high-risk cancer have been demonstrated more 
possibility of pathological nodal disease consequently poor survival after 
RP historically [2, 3]. Therefore, clinical risk classification tool considering 
three prognostic parameters—PSA, Gleason score (GS), and clinical stage 
—has been classically utilized to estimate the suitability of surgical 
treatment of prostate cancer [4]. Nomograms [5, 6] and classification based 
on image-based biopsy information are one of the efforts to improve the 
predictive performance to classify proper surgical candidate [7]. 

The recent guideline of the European Association of Urology (EAU) 
recommends the best surgical candidate as <20 ng/mL, with a clinical stage 
<cT3a, and a biopsy GS <8. However, we cannot conclude that patients 
excluded from that criteria are not the candidate for surgery, because some 
of those patients such as more advanced/poorly differentiated tumor could 
be beneficial after surgery [8]. Hypothetically, locally advanced disease or 
pelvic nodal disease could be surgically remove by conventional surgical 
technique including extend lymph node dissection [9, 10]. The rate of nodal 
disease of cT3 cases is between 11% and 41% [11, 12]. And the positive 
biopsy core is one of the parameter to predict nodal disease [13]. 

The nerve-sparing technique improves surgical complication profile 
including incontinence and erectile dysfunction. However, the nerve- 
Sparing technique could induce the positive margin especially among T3 
disease; the more precise preoperative clinical T staging is required for 
precision medicine. However, more surgical experience itself seems not 
only improve positive margin but also functional outcome [9]. 


2.2 RP for High-Grade Cancer 


The GS of pathological specimen, which is high-grade disease, is related 
with nodal disease and worse survival outcome. However, there is no solid 
evidence supports survival benefit of radical prostatectomy for high-grade 
cancer, even if the cure rate after surgery only could less than not high- 
grade cancer. There could be discrepancy between the biopsy and 
pathological grade. Downgrade incidence is not negligible, and the 
biochemical progression-free survival (BPFS) could be increased after 
downgrading [14-17]. The outcome of this study suggests the possibility of 
downgrading up to one-third. And the exclusion of surgical option could be 
incorrect. Literatures also have been reported the decent oncological 
outcome of RP for high-grade cancer. Five-year biochemical recurrence- 
free survival was reported from 32% to 78%, and nodal disease was 6% to 
20% [14, 17—22]. Manoharan et al. [15] recommended RP as a reasonable 
treatment option for high-risk cancer if T1/2, especially if PSA <20 ng/mL. 
The high grade is related to extracapsular extension of tumor. But if the 
high-grade cancer is confined at prostate, the patients tend to demonstrate 
better oncological prognosis [23]. In conclusion, high-grade patients do not 
necessarily have the poor prognosis after RP. This outcome indicates the 
importance of screening and early treatment before metastasis for high- 
grade disease. 

The screening method to predict the organ-confined disease among 
high-grade cancer is important. More precise classification of organ- 
confined high-grade cancer could improve the surgical prognosis. Because 
organ-confined high-risk disease definitely induces better prognosis after 
RP than not organ-confined disease, [17—19] found higher 5- and 10-year 
estimated biochemical recurrence-free survival among men with organ- 
confined disease and negative. 


2.3 RP for T3/4 NO MO Disease 


Compare to classic RP series, recent RP series with modern technique 
demonstrates better surgical outcome for locally advanced disease 
consisting pT3a (extracapsular extension or bladder neck invasion), pT3 
(seminal vesicle invasion), and pT4 (adjacent organ invasion). 

A single-center retrospective study, which analyzed the cancer-free state 
of 842 cT3 patients disease demonstrated 85%, 73%, and 67% at 5, 10, and 
15 years. The cancer-specific survival (CSS) rates were 95%, 90%, and 


79%, respectively. The meantime for adjuvant therapy after surgery was 
similar between cT2 and cT3 disease (4.3 vs. 4.0 years). Another RP series 
of 235 patients (10.3%) with unilateral cT3a [24] demonstrated 10-year 
CSS, and overall survival (OS) rates were 91.6% and 77.0%, respectively. 

The OS and CSS rates at 10 years reported by Joniau et al. analyzing the 
51 patients with cT3b—T4 were 72.5% and 70.7%, respectively. The 
positive margin rate was up to 62.7% [25]. Another long-term period more 
than 20 years of follow-up study analyzed the CSS rates, and the local 
recurrence-free of 843 cT3 patients reported 81% and 76%, respectively 
[26]. 

The US National Cancer Institute’s Surveillance, Epidemiology, and 
End Results (SEER) database analysis is one of the largest studies that 
demonstrated the oncological prognosis of cT4 disease. From the analysis 
of 1093 cT4 patients, both of the relative and observed survival of RP 
patients were better than non-RP patients, such as hormone therapy (alone 
or with radiotherapy) [27]. Another population-based study, which analyzed 
3000 nonmetastatic cT3 or cT4 patients demonstrated the ratio of RP has 
been increased over time, started exceeding 10% at 2005. The outcome of 
these population-based studies suggests that the role of RP among cT3 or 
cT4 disease has been extended from traditional prostate cancer series to 
contemporary series. 

The studies described comparable oncological outcome between RP 
alone and radiotherapy, and the less need for long-term adjuvant ADT 
among RP than radiotherapy supports the benefit of RP than other treatment 
strategy without RP [28, 29]. 

In summary, these outcomes suggest that RP (with or without adjuvant 
or salvage treatment when needed) could control locally advanced cancer 
and consequently achieved long-term survival. 


2.4 RP for Node-Positive Disease 


Standard or extended pelvic lymph node dissection with RP should be the 
best option for localized prostate cancer with nodal disease within pelvic 
lymph node. However, until now, to our best knowledge, there is no 
standard preoperative evaluation tool to detect the location of lymph node 
with both of high sensitivity and specificity. The routine CT scan has low 
sensitivity because it could miss lymph node less than 1 cm, the diagnostic 


performance of PET-CT is variable according to the ligand, and the protocol 
or guideline is not standardized yet. 

Even though, we have to agree that some portion of nodal disease, such 
as patients with limited nodal tumor burden could be cured by RP with 
pelvic lymph node dissection, the expected survival could be increased after 
RP [30]. However, we should also agree that there is no reliable evidence 
exists to support the partial lymph node removal could increase oncological 
outcome. Therefore, the issue should be how to properly select the patients 
could have more chance to be cured. 

Few retrospective studies demonstrated the decent oncological 
prognosis of RP group among clinical or pathological nodal disease [31, 
32]. Moschini et al. also recently reported clinical nodal disease did not 
significantly worsen cancer-specific survival according to 17 years of 
median follow-up [33]. However, most of them do not have properly 
controlled non-RP comparison group. One study demonstrated the 
prognosis, most of them (~90%) were treated adjuvant hormonal therapy, 
and the 10-year CSS and BCR for pathological nodal disease were 85.8% 
and 56%, respectively [32]. 

The data from the Munich cancer registry (1988—2007) is interesting 
[34]. Some of the patients intraoperatively decided continue or abandon RP 
after lymph node dissection. They compared oncological prognosis of 456 
abandoned RP patients with 957 RP patients pathologically nodal positive. 
The 10-year overall survival of RP group was 64% but 28% among 
abandoned RP group. RP was strong independent parameter predicting 
survival with HR 2.04 (95% confidence interval; 1.59—2.63). Another study 
which also highlights the beneficial impact of RP on survival is the 
systematic review investigating whether prostate local treatment in nodal 
disease improves the efficacy of ADT. The survival benefit was significant 
with HR of OS 0.69 (95% CI: 0.61-0.79) [35]. These data support the role 
of RP as multimodality therapeutic strategy. However, there is paucity of 
data RP alone cure or improve the oncological prognosis of nodal disease. 
Because the long-term survival with RP alone is limited for nodal disease, 
data vary between 10% and 14% [36]. To figure out the role of RP alone for 
nodal disease, the oncological outcome of contemporary RP technique 
should be analyzed in the future. Recent technical advance for extended 
lymph node dissection probably improves the oncological prognosis. Even 
if there is not enough evidence to support RP alone, the role as a 


multimodality therapeutic option is more clear and expectable currently 
[30]. 


2.5 The Efficacy of RP over External Beam 
Radiation Therapy (EBRT) with or Without ADT 
(Androgen Deprivation Therapy) 


As the classic scheme of locally advanced prostate or nodal prostate cancer 
avoids surgery, the data supporting RP is relatively limited than the one 
supporting EBRT. According to the deviation of the previous literatures, it 
is natural that most of the guideline focuses on EBRT rather than RP. 

Regardless of the therapeutic efficacy of the surgery, the benefit of 
surgery over EBRT should start with more precise staging. The surgical 
specimen allows pathological staging, more accurate than clinical staging. 
Better risk assessment could induce proper adjuvant treatment at proper 
time point. 

Regarding the therapeutic efficacy, oncological prognosis of RP with 
high-risk prostate cancer has been comparable with EBRT outcomes [37— 
39]. The other few series demonstrated diverse outcome, but the 
oncological prognosis was similar. Recent study demonstrated slightly 
increased risk of distant metastasis among EBRT than RP cohort [40]. 
Another retrospective study by Aizer et al. [41] reported that the efficacy of 
EBRT with ADT for high-risk disease is better than RP with respect to 
BFS. Ellis et al. [42] reported the worse outcome of RP among GS 5 
dominant cancers, but it seems improper to conclude that RP is not proper 
therapeutic option for GS 5 because the outcome is far worse than the 
outcome of other contemporary database, such as Kattan nomogram. 

The other majority of reports demonstrated the superiority of RP over 
EBRT with respect to OS and/or CSS [43—47]. However, all of them are 
retrospective, not only poorly controlled but also biased. The rate of 
adjuvant of salvage treatment could not be controlled when the outcome is 
compared between RP and RT (radiation therapy). Furthermore, 
comorbidities influencing the decision of the surgical methodology could 
not be controlled. Another critical bias is staging. The pathological staging 
is only possible for RP patients, so the precise stage matching is not even 
possible. The discrepancy of clinical and pathological staging among high- 


risk cancer was well described in large RP series (n = 1366) [48]. The 
upstaging and downstaging were 29% and 11% among clinical high-risk 
cancers. 

The profile of adjuvant or salvage treatment is different between RP and 
EBRT. Among RP group, the salvage treatment such as RP or ADT was 
76%, higher than 43% of RP [40]. The median time to salvage was much 
shorter for the RP patients as well (13 month vs. 69 month). Another studies 
reported the rate of adjuvant treatment after RP for high-risk prostate from 
41% to 48% [38, 48]. 

In summary, the RP is a considerable option for high-risk cancers 
classically indicating EBRT in terms of efficacy. However, there is not well- 
designed comparative study that draws the efficacy superiority of one 
methodology for high-risk prostate cancer developed yet. 


2.6 Safety of RP Compare to EBRT (with or Without 


ADT) 


The studies published based on PROSTQA database demonstrated the 
safety of RP and RT (EBRT/Brachytherapy) in detail. The database 
prospectively developed and evaluated quality-of-life study of both 
modality of pain with 5-year follow-up [49-51]. RP is definitely related 
with better sexual function and continence. And the additional ADT after 
primary treatment worsen these functional outcomes. The most significant 
finding was that the rate of ADT was higher than RT group than RP group, 
so the functional outcome is consequently worse in ADT group. The 
negative influence of ADT on functional outcome is not surprising 
considering the role of testosterone on male patient. And even short-term 
neoadjuvant ADT also worsen sexual and vitality/hormonal quality of life 
[52]. 

Another concern of ADT is cardiovascular morbidities. Although one of 
the recent meta-analysis found not significant increase of cardiovascular 
deaths among ADT patients than normal control [53], a joint consensus 
meetings stated that ADT is associated with excessive cardiovascular event, 
particularly patients with preexisting cardiovascular comorbidities [54]. The 
cardiovascular risk elevation seems to be due to obesity, dyslipidemia, and 
decreased insulin sensitivity. 


RP for cancer control also improved the urinary functional symptoms 
such as obstructive or irrigative urinary symptom, which was not significant 
among RT group. Besides, bowel dysfunction was more definite among RT 
group than RP. Among dose-escalated EBRT group, the dysfunction was 
more significant, up to 11% of moderate/significant bowel problem patients 
[55]. Regarding the toxicity of primary cancer control therapeutic option, a 
comparative toxicity study of RT vs. RP has recently published, comparable 
in 15-year toxicity. In the older age, more comorbidities and higher grade 
should be considered for interpretation of the outcome [56]. 


2.7 RP in Elderly Patients 


Even if the general efficacy and safety of RP is better than other therapeutic 
options, the surgical decision-making could be prudential and differ 
according to patients’ characteristics, especially for patients with severe 
morbidity or relative short life expectancy. Old age generally represents 
relatively short life expectancy and higher surgical morbidities. However, 
the 10-year competing mortality rate after RP with two or higher Charlson 
comorbidity score and older than 65 years old was reported down to 26% 
(95% CI 17-35) [57]. These outcomes suggest that the RP is relatively safe 
surgical option for elderly patients. Especially patients with higher 
oncological risk factor, the delay of surgery may not justified because of old 
age or medical comorbidities [58]. The benefit and risk of surgery should be 
estimated and calculated for each patient; the individual decision-making is 
always required. The benefit of surgery should be the priority decision key 
factor for urooncologist. 

However, to our best knowledge, we do not have enough clinical 
evidence or decision-making tools whether RP should be preferred or not 
especially when the patient is both oncological high-risk and old age. The 
curative effect and predicted morbidity should be compared for each 
patient. The surgery should more preferred high oncological risk elderly 
than low oncological risk elderly. For low-risk elderly, nonsurgical 
treatment could be recommended. 


2.8 Recent Efforts for Identifying the Better 
Candidate for RP Among Patients with High-Risk 


Prostate Cancer 


The most general and classic rule to choose proper candidate for RP should 
be to consider RP as first-line treatment with localized prostate cancer for 
patients of more than 10-year life expectancy [8]. However, the potential 
benefit of RP in high-risk disease patients is less than non-high-risk patients 
and sometimes controversial, as we described [38, 43, 59-61]. Historically, 
the very purpose of RP is curative, less recommended for individuals with 
less possibility of cure. Otherwise, RT or ADT has been recommended for 
high-risk patients [62]. This is because the best virtue of radical surgery is 
the whole eradication of cancer cells form patient’s body and consequently 
complete cure. 

However, several recent literatures reported the role of RP for high-risk 
patients and could induce better oncological prognosis, even if sometimes 
adjuvant modalities could be required [1, 14, 28, 38, 43, 59, 63—65]. 
Unfortunately, we do not have enough information to the exact reason why 
the survival benefit induced at this time point. Of course, some (22-63%) of 
the patients are clinically misclassified preoperatively as high-risk 
definition [1, 14, 64, 65]. And the extra-prostatic local invasion and pelvic 
nodal disease could be cured by improved surgical technique. However, we 
could not conclude that the survival benefit is significant and is even 
significant when partial resection of tumor burden is performed because all 
evidences are just circumferential. Therefore, the guideline to select proper 
indication for RP among high-risk cancer patients cannot but be unavailable 
currently [8, 66]. 

Even though, most of urooncologist should agree that if the metastatic 
focus including lymph node could be detected with high sensitivity and 
specificity, the surgical indication would be more widen up to nodal or 
metastatic disease. Recently, series of nuclear medicine imaging 
methodology are suggested for more accurate clinical imaging staging for 
prostate cancer patients, which demonstrates higher sensitivity and 
specificity than conventional staging tools. The prostate-specific membrane 
antigen (PSMA) is one of the specific ligand bind poorly differentiated or 
metastatic prostate cancer cell, which could bind also radioisotope for 


visualization and/or eradication of cancer cell. Ga-PSMA, F-PSMA, and 
Lu-PSMA are one of the small molecules binded to isotope [67—71]. PET- 
CT scan combined to these novel isotopes enables the detection of nodal 
disease even before surgery with high sensitivity and specificity, 
consequently inducing better clinical staging. 

The effort to develop clinical calculator/nomogram to predict the 
specimen-confined cancer among high-risk patients is also ongoing [48]. 
This literature also analyzed the positive impact of specimen-confined 
disease on the cancer-specific mortality. However, the nomogram is not 
externally validated, and the performance is limited, and the pathological 
staged organ-confined disease may not be precise especially when the 
extrapelvic node exists. No preoperative tool to predict the survival benefit 
of RP directly in high-risk prostate cancer has been published. 


2.9 Summary 


Although subject to biases, several retrospective studies support the role of 
surgery and potential benefit versus radiation in patients with high-risk 
prostate cancer. Matched cohort and multivariable analyses attempting to 
control for biases have demonstrated associations with RP and biochemical 
recurrence-free, overall, and prostate cancer-specific survival. 

As more survival is expected for organ-confined, non-nodal disease by 
radical surgery, the best way to select better candidate of RP is to predict 
non-nodal, nonmetastatic organ-confined diseases and resect the possibly 
metastatic nodes if it exists. Novel preoperative imaging modalities such as 
PSMA CT/PET scan would provide more precise clinical N or M staging 
and better selection of surgical candidate. And nomograms and calculators 
to evaluate the survival benefit of each individual started to develop and 
would help with the decision of the radical surgery compare with other 
therapeutic options. 
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3.1 Introduction 


The terminology “neoadjuvant” stemmed from Greek “neos” that means new or before 
and the Latin language “adjuvare” that means help or aid. Neoadjuvant therapy is the 
application of systemic care before operation or radiotherapy. Neoadjuvant therapy has 
some benefits in several tumors such as the bladder, testis, breast, colon, and lung. 
Conceptually, neoadjuvant therapy may decrease the size of the tumor before surgery or 
eliminate concealed micrometastases. In cases of neoadjuvant therapy before radiation 
therapy, shrinkage of the tumor is able to localize the site of the target with optimal doses 
while decreasing radiation exposure to surrounding normal tissue. 

The concept of neoadjuvant therapy was first reported in 1944, and before radical 
perineal prostatectomy, bilateral orchiectomy was performed [1]. After the 1970s, the 
invention of pharmacological medicine about controlling hormone helped to choose 
medical castration as an option instead of surgical orchiectomy. There is an early report 
about the use of estrogen and sequential radiotherapy in 1984 [2]. Although the study was 
a small size (n = 25), patients who treated with estrogens before radiotherapy had superior 
disease-free survival than radiation therapy alone (55% vs. 47%, respectively). Since 
then, there were many studies about radiotherapy combined with neoadjuvant therapy. 
RTOG8610 was the early phase III study that compared neoadjuvant androgen 
deprivation therapy (ADT) with external beam radiotherapy (EBRT) and EBRT alone in 
localized prostate cancer [3]. Patients in the neoadjuvant treatment group were treated 
with both goserelin 3.6 mg every 4 weeks and flutamide 250 mg for 2 months before 
EBRT. The neoadjuvant treatment group showed improvement in 10-year biochemical 


failure (65% vs. 80%, p < 0.001) and recurrence-free survival (11% vs. 3%, p < 0.001) 
than only EBRT group. D’ Amico et al. performed another randomized controlled trial 
comparing radiation therapy alone to radiation therapy with ADT including 2 months of 
neoadjuvant therapy [4]. The patients included more than PSA 10 ng/mL, more than 
Gleason score 7, or more than T3a. The ADT plus radiation showed superior overall 
survival (88% vs. 78%, p = 0.04) and cancer-specific death (0 vs. 6 cases, p = 0.02). The 
European Organization for Research and Treatment of Cancer (EORTC) group performed 
randomized phase III study comparing EBRT alone and EBRT with ADT for 3 years 
including 1 month neoadjuvant therapy of cyproterone acetate (50 mg daily three times) 
[5]. The combined treatment reduces risk in 10-year disease-free survival (hazard ratio 
0.42, p < 0.0001) than radiation alone. The ADT plus EBRT showed better 10-year 
recurrence-free survival (22.7% vs. 47.7%, p < 0.0001) and overall survival (39.8% vs. 
58.1%, p = 0.0004). In addition, there was no significant difference between two groups 
in cardiovascular mortalities. Like these reports, radiation therapies combined with ADT 
including neoadjuvant therapy have been established in locally advanced prostate cancer. 

Contrastively, neoadjuvant therapy before radical prostatectomy has still studied the 
clinical and oncological outcomes. Several trials did not prove the improvement in 
progression-free and overall survival. Nevertheless, the interest about neoadjuvant 
therapy before an operation is increasing in advanced or oligometastatic prostate cancer 
as one method of multimodal therapy. Although the development of prostate-specific 
antigen (PSA) screening increased early detection of prostate cancer, there are still many 
patients who are diagnose as high-risk prostate cancer. At initial diagnosis, 17-31% 
patients have high-risk prostate cancer [6]. The rate of biochemical recurrence after 
radical prostatectomy for high-risk prostate cancer is about 55—70% [7]. Among them, 
13% progresses to metastatic prostate cancer, and 6% died because of prostate cancer [8]. 
The ideal treatment guidelines for these high-risk prostate cancer patients have not yet 
been established [9], but standard cares about high-risk prostate cancer in international 
guidelines are suggested as EBRT with ADT or EBRT plus brachytherapy with/without 
ADT or radical prostatectomy with lymph node dissection. In spite of these treatments, 
10-year overall mortality was about 30—40% in locally advanced high-risk prostate 
cancer. Therefore, neoadjuvant therapy has been considered as a possible way out for 
better survival. In this article, we focus recent studies about neoadjuvant therapies before 
radical prostatectomy in patients with localized prostate cancer. 


3.2 Neoadjuvant Hormonal Therapy 


Randomized controlled trials about neoadjuvant ADT were performed during two 
decades (Table 3.1). There were many different conditions of the tumor including clinical 
stage, used medicines, and primary end points. Then, usually the trials showed increased 
organ-confined disease and decreased positive surgical margins. However, until recent, 
oncological gain in biochemical recurrence or overall survival was not proved. 


Table 3.1 Clinical trials of neoadjuvant hormonal therapy before radical prostatectomy 


(1999) [10] 


vs. only prostatectomy 


(p = 0.023) 


Trials Neoadjuvant regimen Clinical Positive BCR-free 

stage margin rate (%) 
rate (%) 

Goldenberg |Cyproterone vs. only 112 vs. 101 64.8 vs. 

et al. prostatectomy 27.7 

(1996) [24] (p = 0.001) 

Labrie et |Leuprolide + flutamide 7.8 VS. 

al. (1997) |vs. only prostatectomy 33.8 

[25] (p < 0.001) 

Fair etal. |Leuprolide + flutamide 19 vs.37 |No 


difference 


(p = 0.73) 


Schulman 
et al. 
(2000) [11] 


Soloway et 
al. (2002) 
[26] 


Selli et al. 
(2002) [27] 


Aus et al. 
(2002) [28] 


Klotz et al. 
(2003) [29] 


Prezioso et 
al. (2004) 
[30] 


Gravina et 
al. (2007) 
[31] 


Yee et al. 
(2010) [32] 


Sayyid et 
al. (2017) 
[33] 


192 vs. 210 


138 vs. 144 


Goserelin + bicalutamide |12 weeks or |143 
vs. only prostatectomy |24 weeks (12 weeks), 


Triptorelin + cyproterone |3 months 63 vs. 63 
vs. only prostatectomy 

Cyproterone vs. only 3 months 42 vs. 34 
prostatectomy 

Leuprolide + cyproterone |3 months 91 vs. 92 
vs. only prostatectomy 

Bicalutamide vs. only 120 days 61 vs. 58 
prostatectomy 

Goserelin + flutamide vs. |3 months 72 vs. 64 
only prostatectomy 


Goserelin + flutamide vs. |3 months 
only prostatectomy 


Leuprolide + flutamide 
vs. only prostatectomy 


Degarelix vs. 3 months 
degarelix/bicalutamide 

vs. LHRH 

agonist/bicalutamide 


T2b 


T2; 13 vs. 
37 

(p < 0.01) 
T3; 42 vs. 
61 

(p = 0.01) 
18 vs. 48 
(p < 0.001) 


25.9 

(12 weeks, 
p = 0.003), 
18.7 

(24 weeks, 
p < 0.001) 
vs. 46.5 


23.6 vs. 
45.5 
(p = 0.016) 


13.1 vs. 
34.5 
(p = 0.011) 


19.4 vs. 
37.5 

(p = 0.022) 
No 
difference 


74 vs. 67 


(p = 0.663) 


vs) 


Z 
vs) 


NR not reported, BCR biochemical recurrence, OS overall survival, LHRH luteinizing 
hormone-releasing hormone 


For the first time at Memorial Sloan-Kettering Center (MSKCC), Fair et al. reported 
biochemical recurrence after surgery [10]. Fifty-two (70%) patients who received 
neoadjuvant therapy and 39 (59%) patients of the only prostatectomy had organ-confined 
and margin negative disease (p = 0.17), but the neoadjuvant group (19%) had lower 
positive margin rate than only prostatectomy group (37%) (p = 0.023). Their median 
follow-up duration was 35 months. The neoadjuvant hormonal therapy did not make 
significant differences in biochemical recurrence (p = 0.73). They suggested that 
neoadjuvant therapy could reduce positive surgical margin, and further follow-up was 
required to confirm the survival gain. 

Overall survival was firstly evaluated by Schulman and colleagues [11]. This trial 
researched 402 patients including 192 patients who received neoadjuvant goserelin with 
flutamide. Pathologic downstaging was observed in 7% of only prostatectomy group and 
15% of the neoadjuvant group (p < 0.01). Neoadjuvant group (26.3%) showed lower 
positive surgical margin rates than only prostatectomy group (47.5%) (p < 0.05). 
However, neoadjuvant group could not show superior biochemical recurrence-free 
survival (67% vs. 76%, p = 0.18) and overall survival (95% vs. 94%, p = 0.64) than only 
prostatectomy group. They admitted that this trial was not yet mature enough to show 
significant results, and at the present time, neoadjuvant therapy did not have any base to 
use. 

Meta-analysis of neoadjuvant hormonal therapy evaluated ten randomized clinical 
trials [12]. Neoadjuvant hormonal therapy could reduce the positive surgical margin (odd 
ratio [OR] 0.34, p < 0.0001). However, the treatment did not show improvement in 
overall survival (OR 1.11, p = 0.69). And neoadjuvant therapy showed borderline 
significance in cancer recurrence rate (OR 0.74, p = 0.05). Kumar and colleagues 
suggested that neoadjuvant therapy may improve local control, but did not improve 
overall survival. In view of the results so far achieved, neoadjuvant hormonal therapy 
need not be recommended as basic treatment. 

The disharmony between pathologic advantage and lack of survival gain may result 
from various factors. One reason for failure to gain survival outcomes may be from the 
short duration of 3 months that most of the trials choose. In cases of radiotherapy, long 
period (3 years) of ADT made survival gain [5]. Longer duration (8 months; 12%) of 
neoadjuvant therapy reduced positive surgical margin compared to 3 months (23%, 

p = 0.011) [13]. In addition, previous trials included heterogeneous patients who consisted 
in low- to high-risk groups. Longer durations of follow-up may be needed to achieve the 
significant survival gain, because the prognosis of localized prostate cancer is relatively 
favorable. 


3.3 Neoadjuvant Chemotherapy with or Without ADT 


Neoadjuvant chemotherapy gets the limelight in bladder or breast cancer, which improved 
oncologic outcomes. However, in advanced prostate cancer, neoadjuvant chemotherapy 
showed limited rationale, lacking phase III trials. Using chemotherapy like docetaxel has 
a rationale that randomized trials showed improved oncologic outcomes in metastatic 


castration-resistant prostate cancer (CRPC). We summarized neoadjuvant chemotherapy 
in Table 3.2 and neoadjuvant chemo-hormonal therapy in Table 3.3. 


Table 3.2 Clinical studies of neoadjuvant chemotherapy 


NR not reported, BCR biochemical recurrence, OS overall survival, CSS cancer-specific 


survival 


Table 3.3 Clinical studies of neoadjuvant chemo-hormonal therapy 


al. (2001) |50 mg/m2/day 
[39] ; 
Estramustine 


280 mg 


4 week 
cycle) x 3 cycles 


3 weeks 
3-6 cycles 


Gleason >8, or 
PSA >15 ng/mL 


10 mg/kg/day 
Hussain |Docetaxel Docetaxel; once >cT2b, 
en 70 mg/m? S 3 weeks l Gleason 28, or 
[40] Estramustine = oe PSA 215 ng/mL 


‘Trials Neoadjuvant Neoadjuvant Selection Positive 
regimen duration criteria margin 
rate (%) 
Clark et |Etoposide (3 weeks in cT2b-T3, 


Trials (Neoadjuvant Neoadjuvant duration Patients Selection BCR-free OS (%) 
regimen criteria rate (%) 

Dreicer |Docetaxel Weekly for 6 weeks cT2b-T3, 

et al. 40 mg/m? Gleason 28, or 

(2004) PSA >15 ng/mL 

[34] 

Friedman |Docetaxel (Weekly docetaxel for >cT2, 

etal. 36 mg/m2 3 weeks + capecitabine Gleason 28, or 

(2008) asis for 2 weeks in 4 week PSA >15 ng/mL 

[35] FA cycle) x 3—6 cycles 8 
1250 mg/m 

Shepard |Paclitaxel (Weekly for 3 weeks in |19 > cT2b, 

etal. 150 mg/m? 4 week Gleason >8, or 

(2009) cycle) x2 cycles PSA>15 ng/mL 

[36] E 

Garzotto |Docetaxel (Weekly for 3 weeks in |57 cT2c, surgically 2 years; 

et al. 35 mg/m 4 week resectable cT3a, 65.5 

[37] Gleason >4+3 49.8 

Nosov et 3 weekly x 6 cycles 2cT2c, 57.1% vs. |CSS; 90.5 

al. Gleason >7, or 39.1% vs. 60.9 

[38] OS; 75.5 

vs. 54.6 
(p = 0.09) 


Trials 


Prayer- 
Galetti et 
al. (2007) 
[41] 


Chi et al. 
(2008) 
[14] 


Mellado 
et al. 
(2009) 
[42] 


Narita et 
al. (2012) 
[43] 


Thalgott 
et al. 
(2015) 
[15] 


Neoadjuvant 
regimen 


Docetaxel 

70 mg/m? 
Estramustine 
600 mg/m 


Triptorelin 3.75 
mg 


Docetaxel 

35 mg/m2 
Buserelin 6.6 
mg 

Nilutamide 150 
mg 

(or flutamide 
250 mg, 
bicalutamide 
50 mg) 


Docetaxel 


36 mg/m2 
Goserelin 10.8 
mg 

Flutamide 250 
mg 
Dexamethasone 
8 mg 


Docetaxel 
30 mg/m? 
Leuprorelin 
11.25 mg 


Bicalutamide 
81 mg 


Estramustine 
560 mg 


Docetaxel 

75 mg/m2 
Buserelin 9.45 
mg 
Bicalutamide 
50 mg 


Prednisolone 
10 mg 


Neoadjuvant 
duration 


Docetaxel; once 
for 4 weeks 
Estramustine; 
daily for 3 weeks 
Triptorelin; 

4 weeks 

(in 4 weeks 
cycle) x 3 cycles 


Docetaxel; 
weekly for 

6 weeks 
Buserelin; every 
8 weeks 
Antiandrogens 
daily for first 

4 weeks 

(in 8-week 
cycle) x 3 cycles 


Docetaxel; 
weekly for 

3 weeks 
Goserelin; once 
Flutamide; daily 
Dexamethasone; 
every before 
docetaxel 

(in 4-week 
cycle) x 3 cycles 
Docetaxel; 
weekly for 

6 weeks 
Leuprorelin; 
once every 

3 months 
Bicalutamide; 
first 12 weeks 
Estramustine; 
daily for 6 weeks 
Docetaxel; once 
for 3 week 
Buserelin; once 
Bicalutamide; 
daily 
Prednisolone; 
daily 

(in 3-week 
cycle) x 3 cycles 


Selection 
criteria 


>cT3, 
Gleason 28, or 
PSA >15 ng/ml 


22 positive 
biopsies, 

cT3, 

Gleason 27, or 
PSA 220 ng/mL 


cT3, 

Gleason >7 

(4 + 3), or 

PSA >20 ng/mL 


cT3, 
Gleason 10, or 
PSA 215 ng/mL 


non-metastatic 
locally 
advanced 
adenocarcinoma 
of the prostate 


year recurrence 
risk of >40% 


Positive 
margin 
rate (%) 


36.4 
(including 
lymph 
node 
metastases) 


53.3 


100 |44.3 


Estramustine 
NR 


Carboplatin) x 4— 
6 cycles 


Trials Neoadjuvant Neoadjuvant Patients Selection Positive BCR-free 
duration criteria margin rate (%) 
rate (%) 
Siberstein|Goserelin NR /|Goserelin; every |34 vs. 123 >cT3, 24 vs. 38 
et al. Paclitaxel NR |3 months Gleason>8, or 
(2015) Carboplatin NR (Estramustine, prostatectomy) |PSA>20 ng/mL 
[44] Paclitaxel, 


NR not reported, BCR biochemical recurrence, OS overall survival 


Phase I/II trials showed acceptable toxicity of neoadjuvant chemotherapy. Chi et al. 
conducted the largest phase II study of 72 patients with high-risk prostate cancer [14]. 
Four patients stopped the neoadjuvant chemotherapy because of toxicity. The others 
completed the protocol, and two showed the pathologic complete response. Seventeen 


patients had positive surgical margins. After median 42.7-month follow-up, 19 patients 
had biochemical recurrences. Recent phase II trial about neoadjuvant chemotherapy was 
published in 2015 by Thalgott et al. [15]. There was no pathologic complete response. By 
the Kattan nomogram, the biochemical recurrence rate of patients was predicted as 90%. 


However, 55% was confirmed as biochemical recurrence after 48.6 months, so the 
authors indicated that neoadjuvant therapy may improve the biochemical recurrence. 

A phase III study is carried out by the Cancer and Leukemia Group B (CALGB) to 
confirm the effect of neoadjuvant docetaxel with ADT [16]. They enrolled 788 patients 
who had cT1-T3, Gleason score 8—10, and PSA < 100 ng/mL. Neoadjuvant therapy 
regimens are docetaxel (75 mg/m”, every 21 days) every 3 weeks of 6 cycles and ADT 
(leuprolide or goserelin) for 18—24 weeks. And then, radical prostatectomy with staging 
pelvic lymphadenectomy would be conducted within 2 months. They will compare only 
prostatectomy group after randomization, and their primary end point will be 3-year 
biochemical recurrence. The estimated primary completion date would be June 2018. 
Table 3.4 shows ongoing trials of neoadjuvant chemo-hormonal therapy (at www. 


clinicaltrials.gov). 


Table 3.4 Recruiting phase I/II trials of neoadjuvant chemo-hormonal therapy (www.clinicaltrials.gov [Accessed 2017 


Aug]) 


Identifier 


NCT02543255 |Antiandrogens and cabazitaxel in 
defining complete response in 
prostatectomy (ACDC trial) 


Interventions 


Abiraterone acetate with 


prednisone, leuprolide, 
cabazitaxel with pegfilgrastim 


prostate cancer (oligo-mets) 


NCT02494713 [Hormonal therapy and chemotherapy Degarelix, doxorubicin, 24 February 
followed by prostatectomy in patients ketoconazole, docetaxel, 2019 
with prostate cancer estramustine 

NCT02716974|A study of definitive therapy to treat Leuprolide acetate, bicalutamide, |33 March 2019 


docetaxel 


Neoadjuvant chemo-hormonal therapy reduced tumor burden and was confirmed 
feasibility and safety in previous phase II studies, but phase III trials should confirm that 
these results are associated with survival gain. Still now there are no long-term oncologic 
outcomes of neoadjuvant chemo-hormonal therapy except nonrandomized phase I or II 
trials without a control group. Current guidelines do not recommend neoadjuvant 
chemotherapy before prostatectomy. 


3.4 Neoadjuvant Therapy Using Novel Medicines 


After confirming the survival gain of new medicines such as abiraterone and 
enzalutamide, neoadjuvant therapies of those medicines have been investigated. A 
neoadjuvant phase II trial of leuprolide with abiraterone was performed in localized 
prostate cancer patients (n = 58) [17]. Leuprolide with abiraterone for 24 weeks before 
prostatectomy was compared with leuprolide with abiraterone for 12 weeks after 
randomization. This study showed extremely low levels of prostate tissue androgens and 
pathologic complete response, and minimal residual disease was observed more in the 
group of leuprolide with abiraterone for 24 weeks (62% vs. 48%). This suggested that 
abiraterone may improve the potency of ADT and give a rationale to the combination 
setting with abiraterone. 

There was phase II study about neoadjuvant therapy with enzalutamide [18]. 
Intermediate- or high-risk localized prostate cancer patients (n = 52) received neoadjuvant 
enzalutamide or enzalutamide plus dutasteride plus leuprolide for 6 months. Pathologic 
complete response or minimal residual disease was observed more in the combination 
group (17.3% vs. 0%). Median residual cancer burden was also smaller in the 
combination group (0.06 cm? vs. 0.41 cm?). They suggested that more effective blocking 
of androgen receptor can be correlated to antitumor effects. 

There are various medicines targeting molecular mechanisms to kill tumor cells under 
investigations (Table 3.5). Imatinib that was known as Gleevec inhibits platelet-derived 
growth factor receptor (PDGFR). Mathew et al. used docetaxel plus imatinib with ADT as 
neoadjuvant therapy in 36 patients [19]. There was no pathologic complete response, and 
2-year progression-free survival rate was 57% with median 39-month follow-up. The 
authors mentioned the efficacy of imatinib with docetaxel, and ADT as neoadjuvant 
therapy was not obtained. Gefitinib interrupts signaling through the epidermal growth 
factor receptor (EGFR). Vuky et al. assessed the effect of gefitinib with docetaxel as 
neoadjuvant therapy [20]. Among 30 high-risk prostate cancer patients, there was no 
pathologic complete response, and positive margin rate was 33%. That was comparable to 
the rates of other former trials about neoadjuvant chemo-hormonal therapy. The authors 
concluded that gefitinib did not have an additional role in neoadjuvant setting as a single 
use or combination with chemotherapy. Vascular endothelial growth factor (VEGF) plays 
an important part in oncologic angiogenesis. Ross et al. used docetaxel with bevacizumab 
in high-risk prostate cancer before radical prostatectomy [21]. There was no pathologic 
complete response, and positive margin rate was 32%. Neoadjuvant docetaxel with 
bevacizumab showed tolerable toxicity, and reduced tumor burden and serum PSA, but 
the oncologic effect of bevacizumab was not confirmed as neoadjuvant therapy. In spite 


of these studies, an interest of VEGF and other targeted agents is still ongoing as clinical 
trials (Table 3.6). 


Table 3.5 Clinical studies of neoadjuvant therapy with targeted agents 


Trials Neoadjuvant Neoadjuvant Patients |Selection criteria OS Median 
regimen duration margin free (%) follow-up 
rate (mo) 
(%) 
Febbo | Imatinib 200 or Orally twice a day |11 Localized intermediate or |NR NR |NR|NR 
etal. 300 mg for 6 weeks high-risk 
(2006) 
[45] 
Vuky et |Docetaxel Docetaxel; every PSA 220, Gleason 28, NR |28 
al. 36 mg /m2 3 weeks for or cT2b-3 
(2003) ' eatin 80mg IO 
[20] Gefitinib; daily for 
56 days 
Mathew |Docetaxel Docetaxel; weekly |36 2=cT2c, Gleason 28 or 94 |39 
etal. |30 mg/m? for first 4 weeks PSA >20 ng/mL 
a Imatinib 600 mg Imatinib; daily . or CT2b Gleason 7 with 
Bicalutamide 50 _| Bicalutamide; daily PSA >10 ng/mL 
mg LHRH agonist; NR 
LHRH agonist NR |(in 6 week 
cycle) x 3 cycles 
Ross et Docetaxel; every PSA >20 ng/mL, PSA NR |13.0 
al. 3 weeks for velocity >2 ng/mL/y, cT3 (to 
(2012) . 6 cycles disease, any biopsy recurrence) 
[21] oe di Bevacizumab; Gleason 28, or Gleason 7 
15 mg/m every 3 weeks for with T3 or 
5 cycles Gleason 7, PSA 
>10 ng/mL, or cT2 
Vuky et |Docetaxel Docetaxel; every NR|NR 
ae 75 mg/m? Fea for 
( ) GVAX cycles 
[46] 8 _ |CVAX; 2-3 days 
5 x 10" cells (First | after docetaxel for 
dose) four courses 
3 x 108 cells 
(Boost dose) 
Kumon |Adenovirus vector |Two ultrasound- T2a-T3a NR|NR 
et al. carrying the human | guided intratumoral Kattan’s nomogram score 
(2016) |REIC/Dkk-3 gene injections at 2-week of 2115 
[47] 10x 1010, intervals 
1.0 x 10! and 
1.0 x 101? viral 


NR not reported, BCR biochemical recurrence, OS overall survival, LHRH luteinizing 
hormone-releasing hormone 


Table 3.6 Ongoing active clinical trials of neoadjuvant therapy using novel medicines (www.clinicaltrials.gov 


[Accessed 2017 Aug]) 
Identifier Study title Interventions Target/mechanism Estimated [Estimated Primary 
enrollment primary (outcome 
completion 
date 

NCT02153918 | Vaccine plus booster shots |PROSTVAC- Recombinant virus |27 October |CD4 and CD8 
in men with prostate cancer |V/TRICOM [vector vaccines 2017 cell infiltrates 
undergoing treatment with |PROSTVAC- 
radical prostatectomy F/TRICOM 

NCT01695473 | Neoadjuvant BKM120 in |BKM120 PI3K 24 December |PI3K 
high-risk prostate cancer 2017 inhibition in 

prostate 
tumor tissue 

NCT01385059 | Axitinib before surgery in | Axitinib VEGFR 60 January |Changes in 
treating patients with high- 2018 pre-metastatic 
risk prostate cancer niche density 

NCT01696877 |A neoadjuvant study of GVAX Prostate cancer 29 April 2018 |Intraprostatic 
androgen ablation cell-based CD8+ T cell 
combined with vaccines infiltration, 
cyclophosphamide and adverse 
GVAX vaccine for events 


localized prostate cancer 


NCT01804712 | Rituximab neoadjuvant 
therapy in patients with 
prostate cancer scheduled 
to undergo radical 
prostatectomy 


rituximab 


NCT02324998 | Studying the effects of 
olaparib (+ degarelix) given 
to men with 
intermediate-/high-risk 
prostate cancer before 
radical prostatectomy 


(CaNCaP03) 


A study of VEGF tyrosine 
kinase inhibitor 
(pazopanib) in men with 
high-risk prostate cancer 
followed by radical 
prostatectomy and pelvic 
lymph node dissection 


NCT01990196 | Neoadjuvant phase II study |Trametinib 
comparing the effects of Dasatinib 
AR inhibition with/without 


Olaparib 


NCT01832259 


SRC or MEK inhibition in 
prostate cancer 


Histologic 
response rate 


April 2018 


o June 2018 
30 August 
2018 


Determination 
of PARP 
inhibition 


Decrease in 
pre-metastatic 
niche 
formation 
(lymph 
nodes) 


N-cadherin 
and vimentin 
expression 


September 
2018 


NCT00329043 |Sunitinib malate with Sunitinib VEGFR 64 December |Pathological 
hormonal ablation for 2018 complete 
patients who will have response 
prostatectomy 

NCT01409200 |Neoadjuvant axitinib in Axitinib VEGFR 72 March Progression- 
prostate cancer 2019 free 

12 months 


after surgery 


Identifier Interventions /Target/mechanism Estimated [Estimated Primary 


NCT02506114 | Neoadjuvant PROSTVAC- |PROSTVAC- | Virus vaccines and |75 
VF with or without V/F anti-CTLA4 
ipilimumab for prostate Ipilimumab |antibody 


cancer 


Sipuleucel-T was approved by FDA as a treatment option for prostate cancer. That 
might trigger T cell immune response to the prostate. Some trials used immunotherapy as 
the neoadjuvant setting. Sandler et al. used sipuleucel-T to localized prostate cancer 
patients (n = 42) before radical prostatectomy [22]. They found that T cell infiltrated at 
the tumor boundary, but control group did not have any infiltration. The authors suggested 
their study gave a rationale for combination with sipuleucel-T, and other treatment and 
neoadjuvant trials with immunotherapy could provide a chance for prostate cancer. 
Cytotoxic T lymphocyte-associated antigen 4 (CTL4) is known as the immune 
checkpoint. Blocking CTLA4 can promote antitumor immunity by ipilimumab. The study 
about neoadjuvant ipilimumab in prostate cancer showed increased immune cell 
infiltration into the tumor [23]. They suggested that these immunologic changes in the 
tumor microenvironment can help antitumor responses. These researches using novel 
agents pile up the data about mechanisms and that may make a chance for clinical 
oncologic outcomes. 


3.9 Summary 


There were several phase II trials for neoadjuvant therapy before radical prostatectomy 
using ADT or chemotherapy. Most trials showed reduced positive surgical margin rates 
and tumor burden but failed to improve biochemical recurrence or overall survival. 
Neoadjuvant therapy has not been a guideline before radical prostatectomy due to lacking 
of phase III trials and the oncologic outcomes of phase II trials. Nevertheless, neoadjuvant 
trials still challenge to get a favorable outcome by understanding the biology of prostate 
cancer. Novel hormonal, targeted, and immunologic agents are applied to neoadjuvant 
settings. In near future, the results of phase III trial and ongoing trials help us to confirm 
the appropriate role of neoadjuvant therapy before radical prostatectomy. 
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4.1 Introduction 


Owing to the profound stage migration that has been attributed to PSA 
screening, the proportion of high-risk prostate cancer (PCa) is decreasing. 
Up to the early 1990s, about a third of patients with PCa were in the high- 
risk category. But in recent series, its prevalence was 8—18% [1-3]. 
Nevertheless, treatment of high-risk PCa is a subject of continuous 
discussion due to poor prognosis of this patient’s subset. In patients with 
high-risk compared with low-risk PCa, the biochemical recurrence (BCR) 
risk and the cancer-specific mortality rate are 3 times and 11 times higher, 
respectively [1]. Therefore, high-risk patients are treated with multimodal 
approaches, including surgery. But, evidences supporting surgery as a 
monotherapy and showing optimal results have emerged recently [4, 5]. 
Since the entry of new century, robot-assisted radical prostatectomy 
(RARP) was introduced and has become more prevalent due to its 


oncologic and functional outcomes which are not less than similar to open 
radical prostatectomy (RP) in organ-confined disease [6, 7]. Although RP is 
an important treatment option for selected patients with high-risk PCa, the 
role of RARP has not been fully studied. A large series of RARP in high- 
risk patients or randomized trials comparing RARP and other treatments 
has not been reported. In the past decade, RARP has been rapidly adopted 
for clinical practice, but recently there was only a result of evaluating high- 
risk disease in particular. In a recent review comparing RARP and open RP, 
similar positive surgical margins and BCR rates, as well as reduced 
bleeding and the need for transfusion and potential benefits for relief and 
erectile function recovery, were demonstrated [8, 9]. In this chapter, we 
discuss the role of RARP in the setting of high-risk PCa and indication, 
technical aspects, and outcomes of RARP. We hope this discussion will 
provide useful information in RARP for high-risk PCa. 


4.2 What Is High-Risk PCa? 


D’ Amico et al. stratified PCa into three risk categories according to 
oncological outcome. High-risk PCa, which was defined as serum 

PSA = 20 ng/mL, biopsy Gleason score (GS) 28, and clinical stage T2c or 
higher, had a posttreatment chance of BCR> 50% after 5 years [10]. Other 
many definitions for high-risk cancer were proposed, using different values 
of PSA, percentage of core involvement in biopsy, and different clinical 
stages. In Europe, about 70% of urologists adopt the National 
Comprehensive Cancer Network classification that differs from D’ Amico’s 
in including clinical T3 disease or greater [11]. Among the most used risk 
parameters, high GS proved to be the most reliable predictor of the 
outcome, followed by PSA rise. The 10-year BCR-free rate is 24.1%, 
26.4%, and 43.8% for GS 28, PSA 220 ng/mL, and cT3 cases, respectively. 
If two of these risk factors are associated, the prognosis worsens further, 
and in 10 years the BCR-free survival rate is about 18% [3]. 


4.3 RARP for High-Risk PCa 


4.3.1 Nerve Sparing in High-Risk PCa During 
RARP 


In the literature, nerve sparing (NS) was highly variable in the range of 0— 
100%, reflecting differences in cancer characteristics, patient population, or 
surgeon’s preference [12, 13]. Lavery et al. studied the performance of NS 
in high-risk patients and used visual cues to identify poorly defined planes, 
bulging of the capsule, or appearance of prostate tissue on the 
neurovascular bundle (NVB) [14]. Intraoperative frozen sections were also 
an option to guide NS. In this analysis, NS was performed in 73% of 
patients, except for seminal vesicle invasion confirmed by biopsy, 
extracapsular extension of endorectal coil magnetic resonance imaging 
(MRI), or high tumor volume, high-Gleason grade disease. Even when 
controlling the characteristics of pathological diseases, NS was not 
associated with a positive surgical margin (PSM) or a high-risk of BCR. In 
another analysis, Casey et al. showed that bilateral or unilateral NS was not 
associated with increased PSM in patients with extraprostatic (pT3) disease 
[15]. 


4.3.2 Lymph Node Dissection in High-Risk PCa 
During RARP 


Despite staging and possible therapeutic benefits of lymph node dissection 
(LND), there is a paucity of reporting. Many studies did not specify 
anatomical templates or only performed limited LND. An extended lymph 
node dissection (ELND) includes removal of all node-bearing tissue from 
an area bound by external iliac vein anteriorly, the pelvic sidewall laterally, 
the bladder wall medially, the floor of the pelvis posteriorly, Cooper’s 
ligament distally, and the internal iliac artery proximally. The median lymph 
node yield from these studies was 18 nodes in 4 RARP studies that reported 
consistent use of ELND in high-risk patients [11, 12, 16, 17]. Overall lymph 
node prevalence ranged from 1% to 33%, the highest rate in ELND. In 
addition, the robot ELND seemed to increase the operation time at three 
longest operation times that routinely carry out ELND [12, 16, 17]. The 
occurrence of symptomatic lymphocele in ELND series was 2.4—6.6%. 


4.3.3 Perioperative Morbidity During RARP 


Known benefits of RARP when compared to open surgery are rapid time to 
recovery, decreased bleeding, and decreased analgesic use. The risk of 
blood transfusion is seven times higher with open RP than RARP [8]. 


Tewari et al. conducted a systematic review comparing open RP and RARP 
in all risk categories and found a 7% greater risk of perioperative 
complications for open RP and twice as many postoperative hospitalization 
days [18]. Ham et al. compared the outcomes of RARP performed in organ- 
confined and locally advanced PCa and found no statistical difference 
between two groups in many perioperative features including time of 
surgery, blood loss amount, length of hospital stay, and intraoperative 
complications [12]. Rogers et al. also demonstrated similar convalescence 
after RARP compared with open RP in the elderly population, in which 
group complications were expected to be higher [19]. Thromboembolism 
can be more common because LND is considered mandatory in high-risk 
patients. A multicenter collaborative study analyzing > 3500 patients who 
received RP showed that LND increased the risk of deep venous thrombosis 
and pulmonary thromboembolism [20]. 


4.4 Outcomes of RARP for High-Risk PCa 


4.4.1 Oncologic Outcomes of RARP for High-Risk 
PCa 


A systematic review by Novara et al. evaluated a series of PSM comparing 
open RP and RARP in all risk categories and demonstrated no difference 
between two methods [21]. The reported PSM rate in high-risk PCa with 
RARP ranges from 16% to 58% [14, 22]. Wide variations of PSM rate are 
also observed in contemporary open RP series with 18—48% [3]. Suardi et 
al. recently evaluated the PSMs of patients with high-risk PCa undergoing 
surgical treatment and found an odd ratio (OR) of 0.69 favoring RARP over 
open RP (p = 0.04) [23]. Despite previous studies, most series comparing 
surgical methods among high-risk patients found no difference in the 
proportion of PSM. Harty et al. compared PSMs among high-risk patients 
who underwent open RP, RARP, and laparoscopic prostatectomy, reporting 
no significant difference among three methods (53%, 41%, 50%, 
respectively; p = 0.13) [24]. After a propensity score match, Lee et al. 
reported PSM rates of 36% and 34% (p = 0.76) for patients undergoing 
open RP and RARP, respectively [25]. Another propensity score that 
matched a cohort from the Surveillance, Epidemiology, and End Results 


(SEER) database found PSMs in 18% of open RP cases and in 22% of 
RARP cases (p = 0.4) [26]. 

In the current RARP studies of high-risk PCa, the BCR is reported in 
the range of 13-35% [6, 12, 19, 26]. Some of the published papers are 
mentioned that PSA cutoff is not used, but in most cases PSA is considered 
as a marker of disease recurrence as more than 0.2 ng/mL. However, most 
series lack long-term follow-up. Survival analysis comparing RARP and 
open RP showed comparable disease recurrence rate. In a study by Walz et 
al., the BCR for follow-up of 2, 5, and 10 years was 35.2%, 52.6%, and 
64.3%, respectively, in 887 high-risk PCa cases [3]. In another study of the 
Mayo Clinic, BCR at 5 and 10 years after open RP were 32% and 45% [1]. 
Concerning the RARP series, Abdollah et al. assessed the biggest cohort to 
date including 1100 patients and found a 10-year BCR-free rate of 50.4% 
[27]. Still, randomized trials comparing RARP and open RP for high-risk 
PCa are scarce. Existing retrospective series analyzing different surgical 
techniques found similar BCR-free rates for open RP and RARP [6, 25]. 
Estimating CSS and OS is a major concern for high-risk patients. However, 
it was hardly reported in the current series. In two studies, 100% of CSS 
was detected in the high-risk PCa cohort treated with RARP [28, 29]. Busch 
et al. compared the OS between patients treated with RARP and open RP 
and found no difference between two methods (RARP 95% vs. open RP 
100%; p = 0.09) [30]. To wrap it up, surgical methods have not affected 
oncological outcomes up to now. 


4.4.2 Functional Outcomes of RARP for High-Risk 
PCa 


Considering the complex anatomy of nerve innervations and pelvic muscles 
around the prostate, the meticulous motion and visual advantages of robot 
surgery were initially accepted with anticipation to improve functional 
outcomes. There have been many series demonstrating early recovery of 
continence (within 3 months) after RARP with scrupulous dissection, 
anterior and posterior reconstruction, and bladder neck preservation [31, 
32]. On the other hand, another nonrandomized study analyzing 1-year 
continence rate in all risk groups reported similar results between RARP 
and open RP (OR: 1.08) [7]. Other results demonstrated heterogeneous 
continence outcomes in men with high-risk PCa after RARP. Rogers et al. 


reported that 82% of his patients used one or no pad daily 1 year after 
RARP [19]. Koo et al. had inferior results using a no-pad definition (33% of 
continence at 1 year) [33]. Both studies addressed the age (>70 years) as a 
paramount variable for continence recovery. Other series for RARP in high- 
risk PCa reported more satisfactory outcomes from 92% to 100% [15, 34]. 
It is difficult to preserve potency in high-risk patients who are more 
likely to sacrifice NVB during surgery. Bilateral nerve sparing can be 
performed in organ-confined disease, and unilateral nerve sparing is 
feasible in selected patients with high-risk PCa. Jayram et al. reported 80% 
nerve sparing during RARP in high-risk cohort. Of those, 29% were 
bilaterally spared. PSM was 20%, and the potency rate was 51% at 
6 months after surgery [22]. Lavery et al. achieved greater rates of bilateral 
nerve sparing (58%), with an intraoperative frozen section of the NVB in 
selected cases to assure negative margins. With a median follow-up of 
1 year, 56% of the patients were potent (Sexual Health Inventory for Men 
>16), and no association was found between nerve sparing and PSM [14]. 
Casey et al. conducted bilateral NVB preservation in 57% of pT3 or higher 
patients and reported 20% PSMs [15]. They gained satisfactory PSM rates 
in locally advanced disease. Other reports of RARP for high-risk PCa 
maintain potency recovery of 20%—60% [14, 22]. Functional outcome is 
more likely to rest on surgeon’s expertise and characteristics of cancer 
rather than surgical method itself. 


Conclusions RARP seems to be a safe and effective option for patients 
who have high-risk PCa or as the first step in a multimodal strategy. 
Preservation of NVB is feasible in the selected cases, and there is a 
possibility to improve functional outcome. As for LND, its therapeutic role 
in RARP setting is still to be elucidated. Further longitudinal study is 
required to assess the long-term benefit of primary RARP in men with high- 
risk PCa. 


References 


1. Boorjian SA, Karnes RJ, Rangel LJ, Bergstralh EJ, Blute ML. Mayo Clinic validation of the 
D’amico risk group classification for predicting survival following radical prostatectomy. J Urol. 
2008;179(4):1354—60; discussion 60-1. 

[Crossref] 


10. 


11. 


12. 


Badani KK, Kaul S, Menon M. Evolution of robotic radical prostatectomy: assessment after 
2766 procedures. Cancer. 2007;110(9):1951-8. 
[Crossref] 


Walz J, Joniau S, Chun FK, Isbarn H, Jeldres C, Yossepowitch O, et al. Pathological results and 
rates of treatment failure in high-risk prostate cancer patients after radical prostatectomy. BJU 
Int. 2011;107(5):765-70. 

[Crossref] 


Cooperberg MR, Vickers AJ, Broering JM, Carroll PR. Comparative risk-adjusted mortality 
outcomes after primary surgery, radiotherapy, or androgen-deprivation therapy for localized 
prostate cancer. Cancer. 2010;116(22):5226-34. 

[Crossref] 


Petrelli F, Vavassori I, Coinu A, Borgonovo K, Sarti E, Barni S. Radical prostatectomy or 
radiotherapy in high-risk prostate cancer: a systematic review and metaanalysis. Clin Genitourin 
Cancer. 2014;12(4):215-24. 

[Crossref] 


Yaxley JW, Coughlin GD, Chambers SK, Occhipinti S, Samaratunga H, Zajdlewicz L, et al. 
Robot-assisted laparoscopic prostatectomy versus open radical retropubic prostatectomy: early 
outcomes from a randomised controlled phase 3 study. Lancet. 2016;388(10049):1057-66. 
[Crossref] 


Haglind E, Carlsson S, Stranne J, Wallerstedt A, Wilderang U, Thorsteinsdottir T, et al. Urinary 
incontinence and erectile dysfunction after robotic versus open radical prostatectomy: a 
prospective, controlled, nonrandomised trial. Eur Urol. 2015;68(2):216—25. 

[Crossref] 


Novara G, Ficarra V, Rosen RC, Artibani W, Costello A, Eastham JA, et al. Systematic review 
and meta-analysis of perioperative outcomes and complications after robot-assisted radical 
prostatectomy. Eur Urol. 2012;62(3):431—52. 

[Crossref] 


Ficarra V, Novara G, Ahlering TE, Costello A, Eastham JA, Graefen M, et al. Systematic review 
and meta-analysis of studies reporting potency rates after robot-assisted radical prostatectomy. 
Eur Urol. 2012;62(3):418-30. 

[Crossref] 


D’ Amico AV, Whittington R, Malkowicz SB, Schultz D, Blank K, Broderick GA, et al. 
Biochemical outcome after radical prostatectomy, external beam radiation therapy, or interstitial 
radiation therapy for clinically localized prostate cancer. JAMA. 1998;280(11):969—74. 
[Crossref] 


Surcel CI, Sooriakumaran P, Briganti A, De Visschere PJ, Futterer JJ, Ghadjar P, et al. 
Preferences in the management of high-risk prostate cancer among urologists in Europe: results 
of a web-based survey. BJU Int. 2015;115(4):571-9. 

[Crossref] 


Ham WS, Park SY, Rha KH, Kim WT, Choi YD. Robotic radical prostatectomy for patients with 
locally advanced prostate cancer is feasible: results of a single-institution study. J Laparoendosc 
Adv Surg Tech A. 2009;19(3):329-32. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


[Crossref] 


Sagalovich D, Calaway A, Srivastava A, Sooriakumaran P, Tewari AK. Assessment of required 
nodal yield in a high risk cohort undergoing extended pelvic lymphadenectomy in robotic- 
assisted radical prostatectomy and its impact on functional outcomes. BJU Int. 2013;111(1):85— 
94. 

[Crossref] 


Lavery HJ, Nabizada-Pace F, Carlucci JR, Brajtbord JS, Samadi DB. Nerve-sparing robotic 
prostatectomy in preoperatively high-risk patients is safe and efficacious. Urol Oncol. 
2012;30(1):26-32. 

[Crossref] 


Casey JT, Meeks JJ, Greco KA, Wu SD, Nadler RB. Outcomes of locally advanced (T3 or 
greater) prostate cancer in men undergoing robot-assisted laparoscopic prostatectomy. J 
Endourol. 2009;23(9):1519-22. 

[Crossref] 


Yuh BE, Ruel NH, Mejia R, Wilson CM, Wilson TG. Robotic extended pelvic 
lymphadenectomy for intermediate- and high-risk prostate cancer. Eur Urol. 2012;61(5):1004— 
10. 

[Crossref] 


Jung JH, Seo JW, Lim MS, Lee JW, Chung BH, Hong SJ, et al. Extended pelvic lymph node 
dissection including internal iliac packet should be performed during robot-assisted laparoscopic 
radical prostatectomy for high-risk prostate cancer. J Laparoendosc Adv Surg Tech A. 
2012;22(8):785-90. 

[Crossref] 


Tewari A, Sooriakumaran P, Bloch DA, Seshadri-Kreaden U, Hebert AE, Wiklund P. Positive 
surgical margin and perioperative complication rates of primary surgical treatments for prostate 
cancer: a systematic review and meta-analysis comparing retropubic, laparoscopic, and robotic 
prostatectomy. Eur Urol. 2012;62(1):1-15. 

[Crossref] 


Rogers CG, Sammon JD, Sukumar S, Diaz M, Peabody J, Menon M. Robot assisted radical 
prostatectomy for elderly patients with high risk prostate cancer. Urol Oncol. 2013;31(2):193-7. 
[Crossref] 


Tyritzis SI, Wallerstedt A, Steineck G, Nyberg T, Hugosson J, Bjartell A, et al. Thromboembolic 
complications in 3,544 patients undergoing radical prostatectomy with or without lymph node 
dissection. J Urol. 2015;193(1):117-25. 

[Crossref] 


Novara G, Ficarra V. Reply to Stefano C.M. Picozzi, Cristian Ricci and Luca Carmignani's letter 
to the editor re: Giacomo Novara, Vincenzo Ficarra, Simone Mocellin, et al. Systematic review 
and meta-analysis of studies reporting oncologic outcome after robot-assisted radical 
prostatectomy. Eur Urol 2012;62:382—404. Eur Urol. 2013;63(2):e29-31. 

[Crossref] 


Jayram G, Decastro GJ, Large MC, Razmaria A, Zagaja GP, Shalhav AL, et al. Robotic radical 
prostatectomy in patients with high-risk disease: a review of short-term outcomes from a high- 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


volume center. J Endourol. 2011;25(3):455-7. 
[Crossref] 


Suardi N, Dell'Oglio P, Gallina A, Gandaglia G, Buffi N, Moschini M, et al. Evaluation of 
positive surgical margins in patients undergoing robot-assisted and open radical prostatectomy 
according to preoperative risk groups. Urol Oncol. 2016;34(2):57 e1-7. 

[Crossref] 


Harty NJ, Kozinn SI, Canes D, Sorcini A, Moinzadeh A. Comparison of positive surgical margin 
rates in high risk prostate cancer: open versus minimally invasive radical prostatectomy. Int Braz 
J Urol. 2013;39(5):639—46; discussion 47-8. 

[Crossref] 


Lee D, Choi SK, Park J, Shim M, Kim A, Lee S, et al. Comparative analysis of oncologic 
outcomes for open vs. robot-assisted radical prostatectomy in high-risk prostate cancer. Korean J 
Urol. 2015;56(8):572-9. 

[Crossref] 


Gandaglia G, Abdollah F, Hu J, Kim S, Briganti A, Sammon JD, et al. Is robot-assisted radical 
prostatectomy safe in men with high-risk prostate cancer? Assessment of perioperative 
outcomes, positive surgical margins, and use of additional cancer treatments. J Endourol. 
2014;28(7):784-91. 

[Crossref] 


Abdollah F, Sood A, Sammon JD, Hsu L, Beyer B, Moschini M, et al. Long-term cancer control 
outcomes in patients with clinically high-risk prostate cancer treated with robot-assisted radical 
prostatectomy: results from a multi-institutional study of 1100 patients. Eur Urol. 
2015;68(3):497-505. 

[Crossref] 


Pierorazio PM, Mullins JK, Eifler JB, Voth K, Hyams ES, Han M, et al. Contemporaneous 
comparison of open vs minimally-invasive radical prostatectomy for high-risk prostate cancer. 
BJU Int. 2013;112(6):751-7. 

[Crossref] 


Connolly SS, Cathcart PJ, Gilmore P, Kerger M, Crowe H, Peters JS, et al. Robotic radical 
prostatectomy as the initial step in multimodal therapy for men with high-risk localised prostate 
cancer: initial experience of 160 men. BJU Int. 2012;109(5):752-9. 

[Crossref] 


Busch J, Magheli A, Leva N, Hinz S, Ferrari M, Friedersdorff F, et al. Matched comparison of 
outcomes following open and minimally invasive radical prostatectomy for high-risk patients. 
World J Urol. 2014;32(6):1411-6. 

[Crossref] 


Menon M, Muhletaler F, Campos M, Peabody JO. Assessment of early continence after 
reconstruction of the periprostatic tissues in patients undergoing computer assisted (robotic) 
prostatectomy: results of a 2 group parallel randomized controlled trial. J Urol. 

2008; 180(3):1018—23. 

[Crossref] 


Takenaka A, Tewari AK, Leung RA, Bigelow K, El-Tabey N, Murakami G, et al. Preservation of 


33. 


34. 


the puboprostatic collar and puboperineoplasty for early recovery of urinary continence after 
robotic prostatectomy: anatomic basis and preliminary outcomes. Eur Urol. 2007;51(2):433—40; 
discussion 40. 

[Crossref] 


Koo KC, Jung DC, Lee SH, Choi YD, Chung BH, Hong SJ, et al. Feasibility of robot-assisted 
radical prostatectomy for very-high risk prostate cancer: surgical and oncological outcomes in 
men aged >/=70 years. Prostate Int. 2014;2(3):127-32. 

[Crossref] 


Yee DS, Narula N, Amin MB, Skarecky DW, Ahlering TE. Robot-assisted radical 
prostatectomy: current evaluation of surgical margins in clinically low-, intermediate-, and high- 
risk prostate cancer. J Endourol. 2009;23(9):1461—5. 

[Crossref] 


© Springer Nature Singapore Pte Ltd. 2018 
Choung Soo Kim (ed.), Management of Advanced Prostate Cancer, https://doi.org/10.1007/978-981-10-6943-7_5 


5. Pelvic Lymphadenectomy for High-Risk 
Prostate Cancer 


Chunwoo Lee'™ and Dalsan You*™ 


(1) Department of Urology, Gyeongsang National University Changwon Hospital, 
Gyeongsang National University School of Medicine, Changwon, South Korea 

(2) Department of Urology, Asan Medical Center, University of Ulsan College of 
Medicine, Seoul, South Korea 


&I Chunwoo Lee 


%1 Dalsan You (Corresponding author) 
Email: dalsanyou@amc.seoul.kr 


Pelvic lymphadenectomy is considered the most reliable method of diagnosing lymph node 
metastases and significant adverse prognostic factor in patients with prostate cancer. In the 
treatment of prostate cancer, however, the clinical benefit of pelvic lymphadenectomy is 
debatable. In the past, it was common practice not to conduct radical prostatectomy when 
the lymph node positive results were seen in the frozen section during surgery [1]. Despite 
the recent efforts to improve clinical outcomes in patients with prostate cancer, pelvic 
lymphadenectomy remains controversial. Abdollah et al. recently identified that removing 
more lymph nodes during radical prostatectomy can significantly improve cancer-specific 
survival in pN1 patients [2]. Therefore, more comprehensive and accurate nodal staging 
through extended pelvic lymphadenectomy may indirectly [3]. 

Although there is no doubt that the extended lymphadenectomy increases the detection 
rate of lymph nodes, there is a problem with applying these principles to all patients. 
Because of the limitations of preoperative imaging, the nomogram is the most widely used 
tool when considering preoperative pelvic lymphadenectomy [3-5]. Several studies have 
reported the benefits of pelvic lymphadenectomy in patients with intermediate- or high-risk 
prostate cancer [6, 7]. However, the value of the pelvic lymphadenectomy is still 
controversial. These are the increasing cost, operation time, extent of surgery, the amount 
of bleeding, morbidities, and risk of complication due to widespread lymphadenectomy. 
Therefore, the goal of this chapter is to summarize the current indications, extent, robotic 
surgery, and complications of patients undergoing pelvic lymphadenectomy for high-risk 
prostate cancer. 


5.1 Current Indication of Pelvic Lymphadenectomy in High- 


Risk Prostate Cancer 


Even though pelvic lymphadenectomy is the most accurate way for assessing lymph node 
metastasis, the benefit of pelvic lymphadenectomy remains controversial. Although there 
is no doubt that the extended lymphadenectomy increases the detection rate of lymph 
nodes, there is a difficulty with applying these principles to all patients. Several 
nomograms using preoperatively available parameters have been developed to evaluate the 
risk of lymph node metastasis. The practical role of extended pelvic lymphadenectomy is 
debatable. In fact, there is controversy between the several guideline committees on the 
indications and appropriate extent of pelvic lymphadenectomy at the time of radical 
prostatectomy. 

The current European Association of Urology (EAU) guidelines for prostate cancer 
recommend performing extended pelvic lymphadenectomy in high-risk patients, as the 
estimated risk for lymph node metastases is 15-40% [5]. And the estimated risk of lymph 
node metastases over 5% (Briganti nomogram) is an indication to perform an extended 
pelvic lymphadenectomy [14]. National Comprehensive Cancer Network (NCCN) 
guideline recommends that performing an extended pelvic lymphadenectomy provides 
more accurate staging and may cure some patients with microscopic metastases; therefore, 
the surgeon considers extended pelvic lymphadenectomy in patients with 2% or more 
estimated risk of lymph node metastases by nomograms [15]. The American Urological 
Association (AUA) guideline comments that pelvic lymphadenectomy can be considered 
for localized prostate cancer patients during surgery and is recommended for patients with 
unfavorable intermediate-risk or high-risk prostate cancer (expert opinion) [16]. However, 
the AUA guideline does not explain about indication and extent of pelvic 
lymphadenectomy. 

Several nomograms were developed to predict lymph node metastasis. It is decided 
whether or not to PLND through nomogram. Briganti et al. studied nomograms that 
predicted non-obturator lymph node metastases in patients with localized prostate cancer 
[17]. They reported that 11.1% had lymph node metastases. Of those, 3.7% had exclusive 
non-obturator lymph node metastases. Briganti nomogram uses preoperative factor such as 
PSA, clinical stage, and Gleason sum. This nomogram suggests that extended pelvic 
lymphadenectomy should be performed if the lymph node metastasis is greater than 5%. 
NCCN guideline recommends the nomogram developed at Memorial Sloan Kettering 
Cancer Center that uses preoperative factor such as PSA, clinical stage, and Gleason score 
to predict the risk of lymph node metastases at the time of surgery [4]. These nomograms 
may be used to avoid unnecessary extended pelvic lymphadenectomy which can increase 
postoperative morbidity and treatment cost in patient with high-risk prostate cancer. 


5.2 Extent of Pelvic Lymphadenectomy (Limited Vs. 
Extended) 


The more lymph nodes removed, the more accurate staging could be determined. Pelvic 
lymphadenectomy has become the standard for assessing lymph node metastasis. However, 
the optimal extent of pelvic lymphadenectomy (limited vs. extended) and candidates to 
select for this procedure are still points of discussion. Abdollah et al. determined that an 
extended pelvic lymphadenectomy should remove at least 20 lymph nodes to provide 
accurate lymph node staging in 90% of cases, regardless of tumor characteristics [18]. 
Information on the spreading sites of lymph node metastases will help to guide the 
management of patients with high-risk prostate cancer. However, there is insufficient 
evidence as to whether or not the removal of lymph nodes has therapeutic benefit in 
patients with high-risk prostate cancer (Table 5.1). 


Table 5.1 Summary of studies determining oncologic outcomes after pelvic lymphadenectomy in patients with high-risk 
prostate cancer 


Data 
source 


CAPSURE |1995- 
database 


Time Retro/pros Study design 


Schiavina (University 
et al. [9] of 
Bologna, 
Italy 


— Intermediate- and 
high-risk PCa 

— LPLND vs. EPLND 
Schwerfeld = 
etal. [11] 


Intermediate- and 
high-risk PCa 
— LPLND vs. EPLND 


LPLND vs. no PLND and |4693 |No difference in 5-y bRFS 
all risk categories in high-risk PCa (P = 0.45) 
Effect of number of LNs More extensive PLND 

removed on BFS positively affects the BCR- 


free survival in patients with 
PCa at intermediate and 
high-risk of LN metastasis 
(<2) 


No difference in 
biochemical recurrence 
(P = 0.39) 


Seoul — 
National Z 
University 


High-risk PCa 
No PLND vs. PLND 


Milan, — pN1 patients and 
Italy EPLND 

— The relationship 
between the number of 
removed lymph nodes 
(RLNs) and cancer- 


37.0 months 
(range: 1.0- 
observed between PLND vs. 


no PLND (P=0.355) 


872 

216 

244 |Complication 
EPLND prolongs time for 
surgery for about 30 min 
more often after the 
extended procedure is a 
lymphocele 

199 |No significant difference in 
BCR-free survival rates was 

124 


Mean f/u: 
63 m, 


Higher number of removed 
LNs during RP was 
associated with 
improvement in cancer- 
specific survival rate 

(p = 0.02) 


1586 |Higher number of removed 
LNs during RP was 
associated with higher 


specific mortality (CSM) 


— pT3-4p PCa patients 
treated with RP + EPLND 
— Relationship between 
the number of removed 
lymph nodes (RLNs) and 
cancer-specific mortality 
(CSM) 


et al. [13] 


Median f/u: 
cancer-specific survival rates |72 m 


Much of the controversy surrounding the extent and proper candidates of pelvic 
lymphadenectomy is due to disagreement over the exact lymphatic drainage pattern of the 
prostate. About one-third of the primary lymph nodes are contained within a limited pelvic 
lymphadenectomy template; two-thirds of the primary nodes are contained within an 
extended pelvic lymphadenectomy template that includes not only the regions of external 
iliac vessels and obturator fossa as well as the medial and lateral region of internal iliac 
vessels but also the nodes overlying the common iliac vessels up to the ureteric crossing 
[19]. Recently, single-photon emission CT/MRI and indocyanine green injection have been 
used in a fashion to show that lymph node spread included obturator and external/internal 
iliac chains [20] (Tables 5.2 and 5.3). 


Table 5.2 Currently available guidelines regarding the need for and the extent of pelvic lymphadenectomy in prostate 
cancer 


Guidelines [Indication Extent 


EAU (2017) |The estimated risk of nodal metastases over 5% (Briganti nomogram) Extended 
AUA (2017) |Unfavorable intermediate-risk or high-risk prostate cancer (expert opinion) Not indicated 
I 


NCCN (2017) 


Table 5.3 Studies using lymphography to define prostate lymphatic drainage 


Median |External|Obturator Internal|\Common Para- Presacral + pararectal 
LNs _iiliac LN LN (%) ilac LN iliac LN (aortic/caval LN (%) 
(range) (%) (%) — (%) (%) 

34 38 25 


SPECT/CT 


nclude in patients with >2% predicated probability of nodal metastases by nomograms |Extended 


16 12 8 


Fluorescence 

navigation (LPLND) |24) 
approach with 

intraoperatively 

injected 

indocyanine 

green 


SPECT/CT 


The extent to a pelvic lymphadenectomy during radical prostatectomy varies among 
centers, and the terminologies and definitions of limited and extended pelvic 
lymphadenectomy have not been standardized. The limited pelvic lymphadenectomy 
generally includes the obturator fossa and external iliac regions. The definition of an 
extended pelvic lymphadenectomy is not yet determined, and the exact extent of the 
lymphadenectomy varies for each study. Most authors agree at a minimum that an 
extended pelvic lymphadenectomy should include the limited template (obturator fossa and 
region of external iliac vessel) and lymph nodes of the common iliac artery, in addition to 
the hypogastric nodes [22]. Extended pelvic lymphadenectomy in EAU guideline includes 
removal of the nodes overlying the external iliac vessels, the nodes within the obturator 
fossa located around the obturator nerve, the nodes surrounding the internal iliac artery, 
and the nodes overlying the common iliac vessels up to the ureteral crossing. It is 


recommended that the removed nodes should be sent separately for pathologic analysis in 
each region [14]. NCCN guideline recommends that extended pelvic lymphadenectomy 
includes removal of all node-bearing tissue from an area bound by the anterior external 
iliac vein, the lateral sidewall of pelvic cavity, the medical bladder wall, the posterior 
pelvic floor, distal Cooper’s ligament, and the proximal internal iliac artery [15] (Fig. 5.1). 
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Fig. 5.1 Anatomical extent of pelvic lymphadenectomy during the radical prostatectomy. (1) External iliac, (2) 
obturator, and (3) internal iliac [23] 


5.3 Robotic Surgery and Pelvic Lymphadenectomy 


Robot-assisted radical prostatectomy is a commonly performed method of operation for 
prostate cancer patients in recent years. Several studies reported that robot-assisted radical 
prostatectomy has been proven safe and oncologically effective treatment even in the high- 
risk prostate cancer [24-26]. However, the role of extended pelvic lymphadenectomy in 
robot-assisted radical prostatectomy has not been well investigated. The current EAU 
prostate cancer guidelines recommend performing extended pelvic lymphadenectomy in all 
high-risk patients, but the value of the robotic pelvic lymphadenectomy is still 
controversial. 

Table 5.4 shows several studies of robot-assisted radical prostatectomy, pelvic 
lymphadenectomy and complication in patients with high-risk prostate cancer. Ham et al. 
reported that extended pelvic lymphadenectomy at the time of robot-assisted radical 
prostatectomy may be performed safely on patients with locally advanced prostate cancer 
without serious side effects, and there were no significant differences in estimated blood 
loss, operation time, initiation of a normal postoperative diet, duration of bladder 
catheterization, and hospital stay in locally advanced prostate cancer [27]. Sagalovich et al. 
suggested that patients with high-risk prostate cancer should undergo an extended pelvic 
lymphadenectomy with at least 13 lymph nodes removed for accurate staging. Extended 
pelvic lymphadenectomy with lymph node yields of 20 or more is associated with 
deteriorated sexual function [28]. Yuh et al. reported that robotic extended pelvic 


lymphadenectomy at the time of surgery can be performed safely and increases nodal yield 
and number of positive node [29]. Jung et al. also reported that complications associated 
with pelvic lymphadenectomy were not significantly different between standard pelvic 
lymphadenectomy and extended pelvic lymphadenectomy. Extended pelvic 
lymphadenectomy (including the internal iliac region) provides an accurate pathologic 
staging and may have oncological benefits in patients with high-risk prostate cancer [30]. 
Finally, the review of Yuh et al. reported that robot-assisted radical prostatectomy appears 
to be a safe and effective option for selected patients with high-risk prostate cancer, 
particularly extended pelvic lymphadenectomy improves staging, increases detection of 
positive lymph nodes, and can be done safely and thoroughly robotically [26]. 


Table 5.4 Summary of high-risk robot-assisted radical prostatectomy series: pelvic lymphadenectomy and complications 
LN % of patients Medianor LN pT2, Positive Lymphocele, Operative 
dissection (with LN meanLN positive n(%) margins, % time, min 
template, % dissection(%) yield rate, % % 


Standard 


Extended 


Jung etal. |200  |Standard: 100 Standard: Overall: |96 41.5 3.0 190 
[30] 78/ 15/ 9/ (48.0) 

Extended: Extended: |Extended: 

23 24 22 


5.4 Clinical Outcome of Pelvic Lymphadenectomy 


Several retrospective studies resulted that higher number of removed lymph nodes during 
radical prostatectomy was associated with higher positive lymph nodes and higher cancer- 
specific survival rates or BCR-free survival rates in high-risk prostate cancer [2, 9, 13]. 
Other studies comparing no pelvic lymphadenectomy with any type of pelvic 
lymphadenectomy reported that there was no difference in a 5-year bRFS or BCR-free 
survival rate [8, 12]. The usefulness of pelvic lymphadenectomy in high-risk prostate 
cancer is debatable. There was no randomized controlled trial to identify for this 
controversy. Recently, two randomized controlled trials that were not published reported in 
AUA annual meeting and annual EAU congress that they did not conclude the oncologic 
benefic due to short-term follow-up after surgery [10, 11] (Table 5.1). 


5.9 Complication of Pelvic Lymphadenectomy 

Although there is no doubt that the extended pelvic lymphadenectomy increases the 
detection rate of pN+ prostate cancer, there is a difficulty with applying these principles to 
all patients. Several studies reported that extended pelvic lymphadenectomy prolonged 


surgical time intraoperative complications, bleeding, and hospital stay compared to limited 
pelvic lymphadenectomy. In addition, complications of pelvic lymphadenectomy for 
prostate cancer include thromboembolic events (deep venous thrombosis), neurologic 
injury, ureteral injury, vascular injury, and lower extremity edema. In some study, 
lymphocele development was the most common complication after extended pelvic 
lymphadenectomy. Clinically significant lymphocele development after pelvic 
lymphadenectomy is the most common complication, with an estimated incidence between 
0.8% and 9.0% in limited pelvic lymphadenectomy and between 2.4% and 10.3% in 
extended pelvic lymphadenectomy [32]. Keegan et al. reported that extent of 
lymphadenectomy, prior radiation, excessive use of cautery, use of heparin, infection, and 
surgical technique have been implicated as risk factors of lymphocele [32]. Heidenreich et 
al. suggest several principles to decrease postoperative complications after pelvic 
lymphadenectomy: (i) all lateral lymphatic vessels in the external artery are reserved, (ii) 
the distal end of the lymphatic vessels is either clipped or ligated with small clips applying 
a higher pressure to the lymphatic vessels than large clips, (iii) two drains are located in 
each side of the pelvic cavity, (iv) the drains are removed when the drainage amount is 
<50 mL/d, and (v) low-molecular-weight heparin is injected into the upper arm [33]. 
Lebeis et al. also suggested the peritoneal flap interposition as the novel technique to 
prevent lymphocele after transperitoneal robotic pelvic lymphadenectomy that was the 
peritoneal interposition flap formed by advancing and rotating of a peritoneum around the 
both sides of the bladder [34]. 


9.6 Summary 


— Extended pelvic lymphadenectomy is the most accurate way for assessing lymph 
node metastasis when compared to limited pelvic lymphadenectomy, but the benefit 
of extended pelvic lymphadenectomy remains controversial. 


— The increased risk of nodal metastases by nomogram considers extended pelvic 
lymphadenectomy. 


— Robotic extended or limited pelvic lymphadenectomy can be performed safely. 


— Lymphocele development is the most common complication after extended or 
limited pelvic lymphadenectomy. 
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6.1 Introduction 


Historically, RP has been considered the gold standard for treatment of 
localized PCa (even in cases of low- or intermediate-risk PCa). However, 
RP still retains a somewhat controversial role when considered as a 
potential therapeutic option to treat locally advanced PCa. RT and HT are 
usually used as primary and adjuvant therapies, respectively. Unlike the 
standard role of RP and RT (as generally accepted and established 
standardized treatment for localized PCa), treatment plans for locally 
advanced PCa still reside in a gray zone and without any definite treatment 
protocols or strategies awaiting implementation. 

Nowadays, the expanded role of RP has widened to include locally 
advanced PCa or high-risk PCa patients [1—6]. To date, there are only three 
treatment modalities as an adjuvant treatment method including early 
adjuvant or late salvage RT or HT. As basic treatment options currently 
available to address locally advanced PCa, RT, RP, and HT could be 
prescribed and administered to patients according to need and by clinicians 
according to preference based in experience in outcome [7, 8]. However, 
regarding adjuvant treatment modalities, limited academic evidence existed 


before now, and accordingly, current guidelines do not provide clear 
direction with regard to available and potentially effective treatment 
modalities for locally advanced PCa [9]. 


6.2 Definition 


The definition of “locally advanced PCa” is “invasion of localized cancer 
into the prostatic capsule, with invasion of per-capsular tissue, bladder neck 
or seminal vesicle (SV).” However, in locally advanced PCa, there is no 
lymph node invasion or metastasis to more distant body parts. Clinical 
staging for locally advanced PCa could be T3-T4 NO MO PCa. Indeed, the 
current definition of locally advanced PCa has a tendency to include any 
patient with positive lymph nodes (LNs), regardless of the actual presence 
or absence of evidence of invasion of the prostate capsule (which is 
sometimes confused by high-risk or high-grade PCa). However, it is clear 
that “locally advanced PCa” has a different definition in the context of cases 
of high-risk or high-grade PCa. Recently, high PSA was detected and 
identified as an independent predictor for LN metastasis in high-grade PCa 
[10]. High-grade PCa is called “poorly differentiated PCa with Gleason 
scores from 8 to 10.” In this chapter, suggested treatment options would be 
described by locally advanced PCa itself and additional information about 
suggested treatment options according to risk degree of PCa; National 
Comprehensive Cancer Network (NCCN) guidelines could provide helpful 
information. 


6.3 General Guidelines by NCCN 


In NCCN guidelines, locally advanced PCa could be divided into four 
subgroups for adjuvant treatment: “low risk,” “intermediate risk,” “high 
risk,” and “very high risk.” Regardless of low-risk or high-risk PCa, in 
accordance with various test results, namely, no high-risk features or cancer 
in lymph node, high-risk features but no cancer in lymph nodes, and cancer 
in lymph nodes, appropriate treatment options could be suggested which are 
observation HT or RT, to include external beam radiation therapy (EBRT). 
Table 6.1 summarizes the treatment options according to various clinical 
conditions in from low-risk PCa to very high-risk PCa. 


Table 6.1 Adjuvant treatment options according to risk grade of PCa and test results after RP or RT 


Adjuvant treatment Adjuvant 
options #1 treatment options 


#2 
After RP |No high-risk features or | Observation 

cancer in lymph node 

High-risk features but no |EBRT Observation 

cancer in lymph node 

Cancer in lymph node ADT with or without Observation 

EBRT 

ntermediate|After RP |No high-risk features or | Observation 
cancer in lymph node 


High-risk features but no |EBRT Observation 

cancer in lymph node 

Cancer in lymph node ADT with or without Observation 
EBRT 

fter RP |No high-risk features or | Observation 

cancer in lymph node 

High-risk features but no |EBRT Observation 

cancer in lymph node 

Cancer in lymph node ADT with or without Observation 
EBRT 

After RT ADT, continue to 

complete 2—3 years of 
ADT 


ADT, continue to 
complete 2—3 years of 
ADT 


6.4 RP for Locally Advanced PCa 


Traditionally, the classic role of RP in locally advanced PCa was limited 
because of its inability to achieve complete surgical resection of tumor and 
of expected higher rate of positive surgical margin or LN metastasis [7, 8]. 
Although some nomograms have been developed to predict the pathologic 
stage of PCa and SV invasion at RP [11, 12], to date, the application of 


those nomograms is not realistic due to common pitfalls including over- 
staging of T2, over-grading, and under-staging of T4. 

RP in locally advanced T3 PCa involves a radical prostate extirpation, 
including an extended lymph node dissection (LND), clean apical 
dissection, neurovascular bundle resection at the tumor involving side, 
complete resection of the SV, and wide resection of the bladder neck (BN) 
[13, 14]. Due to skill development and also emergence of robotic RP, 
positive surgical margin (PSM) has been improved by 75% in 1987—1994, 
42% in 1995-1999, and 10.4% in 2000—2004) [14]. Extended LND is 
mainly indicated in locally advanced PCa and high-grade PCa, due to the 
heightened possibility of LN involvement by cancer. In cT3 PCa, the 
expected node positive rate is between 27% and 41% [15]. Nowadays, RP 
has more extended role in the treatment of locally advanced PCa in US [1- 
6]. Johnstone et al. reported that those PCa patients with cT4 who 
underwent RP (n = 72) had a better survival rate than those who underwent 
HT alone or RT alone, which was similar to the survival of those patients 
who received RT plus HT [16]. 


6.5 RT in Locally Advanced PCa 


In contrast to recent reporting to the effect that RP could provide superior 
long-term survival to RT in localized PCa [17], RT still represents the 
treatment of choice in diagnosed cases of locally advanced PCa [18]. 
However, a recent study supports a superior role as a significant part of the 
framework of a multimodality therapeutic setting for treating locally 
advanced PCa [19]. Basically, there are three basic treatment options for 
framework including RP, RT, and HT in locally advanced PCa [9]. 
Although RP has a superior clinical outcome on posttreatment incontinence 
to RT, there are no superior clinical outcomes on other side effects (which 
include erectile dysfunction, acute and late genitourinary, or gastrointestinal 
toxicity) [9, 20]. Moreover, to date, there are no existing studies which 
served to compare the health-related QoL in RP and RT. 


6.6 Multimodality Treatment in Locally Advanced 
PCa 


To date there have been no randomized trials to compare the clinical 
outcomes serving to measure the relative efficacy of RT when compared to 
RP as an initial treatment option for locally advanced PCa. In a study by 
Ward et al. [15] (a 15-year arc observational study), it was reported that 
eventually, 78% of patients required adjuvant or salvage RT or HT after RP 
as a basic framework treatment option in cT3 patients. Whereas Hsu et al. 
reported that eventually, 56% of patients of unilateral cT3a disease who 
underwent RP needed adjuvant or salvage treatment [13]. These studies 
revealed excellent 5—15-year overall survival (OS) rates and cancer-specific 
survival (CSS) rates, which are closely comparable to the OS and CSS of 
cT2 patients. In addition, the Ward and Hsu studies reported similar 
survival rates: 95% and 98.7% for 5-year CSS, respectively, and 90% and 
91.6% for 10-year CSS, respectively, after adjuvant or salvage treatment 
[13, 15]. As well, Ward et al. [15] reported that 15-year CSS rate mark to be 
about 79%. 

There are two randomized clinical trials to compare the clinical 
outcome between solitary RP and RP plus adjuvant radiotherapy in the 
treatment of locally advanced PCa. Bolla et al. [21] reported that patients 
with adjuvant RT group yielded superior clinical outcomes, which included 
biochemical progression-free survival to solitary RP group (BPFS) (74% 
and 52.6%, respectively, p < 0.0001). However, there was no significant 
difference in CSS at the time of their extended follow-ups. The other 
randomized trial, by Thompson et al. [22], reported that adjuvant RT after 
RP showed evidence of superior clinical outcomes, when compared to RP 
alone relative to PSA relapse rates (median PSA relapse-free survival was 
10.3 years for adjuvant RT group and 3.1 years for solitary RP group, 

p < 0.001) and disease recurrence (median recurrence-free survival was 
13.8 years for adjuvant RT group and 9.9 years for solitary RT group, 
respectively, p < 0.001). 

Recently, Fahmy et al. reported in their meta-analysis that there is a 
superiority of both RP and RT over HT as the base framework treatment 
options for locally advanced PCa [23]. Moreover, RP could significantly 
improve survival outcomes when compared to any other base framework 
treatment options including RT and HT. To date, adjuvant RT could 
significantly improve the outcome of base framework treatment of RP, but, 
yet adjuvant HT after RP still requires validation by documented long-term 
survival numbers. EAU guidelines also recommend not to offer adjuvant 


HT after RP for no LN-positive patients [9]. Moreover, recently, there have 
been various reports that HT, itself, has a close association with OS through 
its direct or indirect effect on cardiovascular disease, diabetes, osteoporosis, 
dementia, and so on [6, 24—26]. However, there is a significant beneficial 
clinical outcome through adjuvant HT after RT in high-risk or high-grade 
localized PCa [27]. 


6.7 Adjuvant Postoperative RT 


There are two generally accepted, established modalities for postoperative 
radiotherapy including adjuvant RT and salvage RT. There are three 
randomized clinical trials which reported the efficacy of adjuvant RT after 
RP for high-risk PCa patients [21, 28, 29]. Among these high-risk PCa 
patients, quite a few of them could be defined as “locally advanced PCa 
patients.” In the USA, there is a published guideline designed and 
developed by urology/oncology teams which specifies that adjuvant RT 
after RP should be performed in those patients with prominent locally 
advanced findings at RP (including seminal vesicle invasion or 
extracapsular extension or positive surgical margin) to prevent biochemical 
and clinical recurrence or progression [30]. They also recommended to 
consider short- and long-term adverse events of RT and to consider 
adjuvant postoperative RT. However and with regard to the actual timing of 
adjuvant RT in locally advanced PCa, there remained some residual 
controversy due to the risk of overtreatment and its related complications. 

To date, there has been only one randomized study involving controlled 
clinical trials with RCT positive clinical outcomes with regard to issues of 
distant metastasis and long-term survival after adjuvant RT [28]. Other 
randomized controlled trials [21, 29] (including the EORTC trial) have 
reported only improved clinical outcome in biochemical failure rate after 
adjuvant RT. However, in these trials, there exist some limitations with 
regard to the validity of the biochemical failure-free survival rate as a 
surrogate endpoint. 

Recently, Ku et al. reported in their meta-analysis that the adjuvant RT 
patient group showed superior clinical outcomes when compared to salvage 
RT groups, in relation to the specific issue of long-term survival [31]. They 
reported superiority in terms of the biochemical recurrence-free survival 
period of 5 years and progression-free survival period of 5 years. However, 


there was no appreciable benefit in terms of OS at the 5- and 10-year marks. 
To date, it is recommended that prompt adjuvant RT after RP be performed 
in diagnosed cases of locally advanced RP because in those cases of 
biochemical relapse by reason of deferred adjuvant treatment, there might 
well be a corresponding decrease in survival rate. 


6.8 Adjuvant HT 


Several randomized, controlled trials have confirmed that the 
implementation of RP, or RT plus HT, yields superior clinical outcomes 
when compared to courses of care consisting of RP or RT alone (especially 
in intermediate- or high-risk PCa) [32-34]. 

Recently, Zhou et al. [35] reported in their meta-analysis (which 
included nine randomized controlled trials and a total of 4743 patients) that 
there exist seven randomized controlled trials to compare the clinical 
outcomes between courses of RT plus short-term (not more than 6 months) 
adjuvant HT and RT plus long-term (more than 6 months) adjuvant HT and 
two randomized clinical trials that RP plus short-term adjuvant HT and RP 
plus long-term adjuvant HT. 

This meta-analysis ultimately served to demonstrate no significant 
difference in OS and disease-free survival rates, but the long-term HT was 
superior to short-term HT as an adjuvant treatment in biochemical failure 
rate, clinical progression rate, and prostate cancer-specific mortality rates. 
However, adverse events possibly connected to long-term HT were seen 
less frequently in cases of short-term HT. In this meta-analysis, in the 
comparison of RP plus short-term HT and RP plus long-term HT, HT was 
not usually performed as adjuvant but rather as neo-adjuvant treatment [36, 
37]. 

For neo-adjuvant HT issue, Roach et al. have reported (in their RTOG 
9413 trial) that there was no significant difference of survival benefit 
between neo-adjuvant HT and adjuvant HT. This was, historically, the first 
study to seriously investigate this issue, with head-to-head comparison trials 
[38]. Based on the long-time follow-up contemporary studies (including 
RTOG 8513 and RTOG 8610), neo-adjuvant HT and adjuvant HT showed 
similar OS in relation to diagnosed cases of locally advanced PCa [33, 34]. 


6.9 Adjuvant Chemotherapy 


Adjuvant chemotherapy after RP in high-risk PCa is still a controversial 
issue. Lin et al. [39] reported that early adjuvant chemotherapy using 
docetaxel and prednisolone given to those patients with high-risk PCa who 
undergone RP without HT showed well-tolerated response; however, it did 
not guarantee the statistical superiority in progression-free survival. Several 
issues are still being existed to be more clarified about the stratified 
indication among high-risk PCa. 


6.10 Summary 


To date, RP plus adjuvant RT and primary RT plus adjuvant HT have been 
thought to represent the optimal and most appropriate treatment modalities 
for locally advanced PCa without metastasis and the courses of care thought 
to best assure the best survival outcome. Further studies are necessary to 
further explore and evaluate whether, in patients diagnosed with clinically 
positive LNs (high-risk PCa), head-to-head clinical trials are needed 
between RP with extended lymphadenectomy for the base framework plus 
adjuvant RT and RP with extended lymphadenectomy alone or between RP 
with extended lymphadenectomy for base framework plus adjuvant RT and 
total pelvic RT plus adjuvant HT. It is thought that long-term HT may be 
even more beneficial, especially in high-risk PCa, but to date there has been 
no academic evidence to illuminate the potential benefits of long-term 
adjuvant HT after RP. During HT, clinicians should probably focus more on 
the possible adverse events, which could incidentally and inevitably 
compromise the OS of the PCa patients. 
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Most of prostate cancers diagnosed at localized disease were regarded as 
less aggressive malignancy because of their indolent course; nonetheless, 
metastatic prostate cancer is still lethal. The 5-year survival rate approaches 
100% for patients within localized disease, but it declined to 28% for 
metastatic disease [1]. About 4% of prostate cancer present metastasis on 
initial diagnosis, and about one-third of localized prostate cancer patients 
experience disease progression [2, 3]. 

The standard treatment for patients with metastatic prostate cancer is 
systemic therapy based on androgen axis control [1, 4, 5]. Conventionally, 
local therapy such as radical prostatectomy (RP) or radiation therapy (RT) 
places only for palliative arm in metastatic prostate cancer management. 
Unlike other malignancies, cytoreductive RP dose is not recommended 
because of lack of evidences on benefit and potential harm. However, recent 


advance in surgical procedure and clinical evidence suggests potential role 
of RP in advanced disease even for the metastatic prostate cancer [6-9]. 
There are still none of level 1 evidence supporting oncological benefit of 
cytoreductive RP in metastatic disease; careful selection of eligible patients 
should be important. 


7.1 Classic Role of Radical Prostatectomy for 


Palliative Local Symptom Control 


Management of locoregional symptoms in metastatic prostate cancer is a 
very important issue, because of high incidence within their life expectancy. 
Over half of metastatic prostate cancer patients without local control 
develop lower urinary tract complication, and about 25% of patient needs 
definitive treatment. Patients with previous local therapy either RT or RP 
present lower incidence of local complications. However, RP was more 
effective to prevent and lower urinary tract impairment in castration- 
resistant prostate cancer (CRPC) [1, 10]. 

Transurethral resection of prostate (TURP) and radical prostatectomy 
(RP) place palliative role to relieve or lower urinary tract complications in 
metastatic prostate cancer. Palliative TURP is regarded as surgical treatment 
of choice in sub-vesical level obstruction; however, about 10% who 
experience recurrence needed surgical intervention. Palliative RP and 
palliative cystoprostatectomy are considered as definitive treatments used to 
reduce pain, bleeding, and obstruction of voiding. Both RT and RP reduce 
20-50% of symptoms caused by local progression in castration-resistant 
prostate cancer (CRPC) patients [1]. 

However, palliative RP for symptom control in these patients with 
metastatic prostate cancer is associated with various complications and 
needs for additional treatment. Particularly, palliative RP performed for 
end-stage prostate cancer patients who have a severe local symptom may 
involve more extensive surgery and lead to several complications. A study 
investigating the role of palliative RP and cystoprostatectomy with urinary 
diversion in patients with symptomatic metastatic prostate cancer found that 
13% of patients showed rectal injuries and 24% required additional surgical 
procedures. Another study reported that 10% of patients evaluated required 
massive intraoperative transfusion [1, 4]. Initiation of early local therapy 


instead of palliative management for metastatic prostate cancer reduces 
complications and morbidity and improves functional outcomes. 


7.2 Feasibility of Radical Prostatectomy in 


Metastatic Prostate Cancer 


There were several retrospective studies that have discussed the safety and 
feasibility of cytoreductive RP [1]. A case control study has compared RP 
and pelvic lymph node dissection (PLND) with M1b (23 patients) and 
androgen deprivation therapy (ADT) alone without local therapy (38 
patients). Complications observed in the RP and PLND group were similar 
to those previously reported in a high-risk localized RP series [1]. Clavien- 
Dindo classification showed no grade 4.5, grade 3 was 13%, grade 2 was 
8%, and grade 1 was 17%. Among patients belonging to the ADT group, 
approximately 30% patients showed local progression and required 
additional surgical treatment or intervention, while those belonging to the 
cytoreductive RP group did not show late genitourinary complications due 
to local progression. A multicenter study evaluating cases of distant 
metastatic prostate cancer found that complications occurred in 21% of 
patients and intervention was required in 8%. Functional outcomes were not 
significantly different from RP in high-risk prostate cancer. At 1 year 
postoperatively, less than one pad was 82%, and no pad was 64%. Another 
retrospective study investigating oligometastatic prostate cancer reported 
that Clavien grade 3 complications were observed in only 18% of patients 
after 5 years of follow-up following RP [1]. And cancer-specific survival 
was 45% (95% CI, 30-85%), and overall survival was 82% (95% CI, 62— 
99%) [1]. 

Limited to prostate sites, the biological characteristics of metastatic 
prostate cancer are similar with locally advanced prostate cancer except for 
distant metastasis. Thus, cytoreductive radical prostatectomy is feasible and 
is not significantly different from high-risk prostate cancer surgery in terms 
of safety and functional outcomes. 


7.3 Possible Rationale for Cytoreductive Radical 
Prostatectomy in Metastatic Prostate Cancer 


The underlying mechanism of cytoreductive surgery in metastatic disease is 
still unclear; however, there are some hypotheses to explain this 
phenomenon to gain positive oncological outcome. 

Kaplan et al. presented the concept of a “pre-metastatic niche” to 
indicate that metastasis occurs through circulation and thereby 
dissemination of tumor cells from the primary tumor. Tumor-specific 
chemokines activate progenitor cell proliferation and act on niche- 
dependent compartments in the bone marrow, leading to migration of 
progenitor cells into the circulation. The migrated progenitor cells form 
clusters and cause microenvironmental changes necessary/conducive to 
metastasis [11]. 

A similar “tumor self-seeding theory” explains that self-seeding of solid 
tumors such as breast and colon cancers and melanoma is mediated by 
circulating tumor cells. Circulating tumor cells are intermediaries between 
primary tumor and metastatic sites, mediating metastasis from the origin 
and accelerating tumor growth by promoting angiogenesis and stromal 
recruitment through seed-derived factors. It also returns to the primary 
tumor at the derived metastatic site and grows [1]. 

Another concept popularly discussed in this context is “tumor 
microenvironment.” The microenvironment of the tumor affects 
maintenance of androgens that affect tumor growth. When the activity of 
androgens is inhibited, the microenvironment of the tumor changes in a 
manner that increases the sensitivity of androgens. This change in 
microenvironment allows the tumor to survive even in low androgenic 
environments. Based on this concept, removal or reduction in the size of the 
primary tumor may result in therapeutic benefits and affect survival. The 
presence and extent of residual tumor noted after local treatment of 
metastatic cancer may affect tumor progression and survival [12]. 


7.4 Indirect Evidence Supporting the Effectiveness 


of Cytoreductive Radical Prostatectomy 


Reduction of primary tumor burden has shown survival benefit in many 
malignancies. Cytoreductive surgery has shown increasing survival on 
colon, breast, and ovarian cancer. Radical surgery on primary site in 
metastatic disease proves beneficial effect on ovarian cancer and renal cell 
carcinoma. Although the underlying mechanism of cytoreductive surgery of 


metastatic disease is unclear, cytoreductive RP expected to increase survival 
and the response to systemic therapy [12]. 

There is level 1 evidence of effectiveness; additional locoregional 
therapy provides better survival benefit than systemic therapy alone in high- 
risk prostate cancer. Malcom et al. compared 1205 locally advanced 
prostate cancer patients, he randomly divided the patients into two groups, 
androgen deprivation therapy (ADT) alone group with RT and ADT 
combination group. Patients receiving a combination of RT and ADT for 
locally advanced prostate cancer demonstrate significantly improved overall 
survival and decreased cancer-specific morality compared to patients who 
receive only ADT. Another multicenter randomized trial (SPCG-7/SFUO-3) 
also reports that additional local radiation therapy has beneficial effect in a 
10-year cancer-specific mortality and biochemical recurrence relapse-free 
survival than ADT alone [10]. 

Such studies provide a solid body of evidence to support the addition of 
local therapy to systemic therapy in patients with advanced prostate cancer 
to achieve positive clinical outcomes such as survival. 

In the case of regional nodal metastasis, radical prostatectomy with 
extended pelvic lymph node dissection (PLND) has accepted for one of the 
standard treatment options [1, 2]. It has been demonstrated that in cases 
with node-positive prostate cancer, combined treatment using radical 
prostatectomy and adjuvant hormone therapy resulted in 80% cancer- 
specific survival for >10 years [13]. A prospective randomized study 
showed that 14% of patients with node-positive disease who underwent 
only radical prostatectomy (RP) with pelvic lymph node dissection (PLND) 
without adjuvant hormone therapy showed a disease-free survival period of 
12 years. Recent studies have shown survival results after RP in node- 
positive prostate cancer with 5, 10, and 15 years of cancer-specific survival 
reaching 84-95%, 51-86%, and 45% postoperatively. Overall survival rates 
at 5, 10, and 15 years were 79-85%, 36-69%, and 42%, respectively [1, 
10]. 

Though not a cytoreductive RP, there was randomized controlled study 
compare potential benefit of surgery in metastatic disease. SWOG 
(Southwest Oncology Group) randomized control study, patients with 
metastatic disease initially diagnosed or who had progressed after surgical 
castration. Patients who underwent RP showed a better response to 
androgen ablation and a better survival rate than untreated patients [1], 


suggesting that even in patients diagnosed with progressive prostate cancer, 
RP itself is worthy of survival, and even in node-positive patients, RP 
abandonment may not be justified. 


7.5 Direct Evidence Supporting the Effectiveness of 
Cytoreductive Radical Prostatectomy in Metastatic 


Prostate Cancer 


The oncological benefit of cytoreductive RP in metastatic disease is 
actively collected by in vitro studies and animal model. Several preclinical 
trials have evaluated the role of cytoreductive surgery in the treatment of 
metastatic prostate cancer. The R3327/MAT-Lu tumor and a prostate cancer 
cell line were implanted subcutaneously into the flank of rats, and the lungs 
were subjected to 100% metastasis. These rats were treated using surgery, 
chemotherapy, and a combination of surgery for primary tumor and 
chemotherapy, and the clinical prognosis was compared between the 
groups. A positive survival benefit was noted in the group that received a 
combination of surgery and chemotherapy compared to the group that did 
not undergo surgery. In other animal studies, metastasis after resection of 
prostate was smaller and had longer-lasting effect than the control group 
[1]. 

There is some ongoing prospective randomized trial to analyze the risk 
and benefit of cytoreductive RP by the University of Texas MD Anderson 
Cancer Center (NCT01751438), Martini-Klinik am UKE GmbH 
(NCT02454543), and Oxford University ISRCTN15704862). The result 
from these well-designed studies should provide more powerful evidence of 
the oncological role of cytoreductive RP. There are none of level 1 evidence 
supporting oncological benefit of cytoreductive RP in metastatic disease 
right now; we gathered evidences from large retrospective databases. 

A recent Surveillance, Epidemiology, and End Results (SEER) database 
study comprising patients with metastatic prostate cancer compared patients 
who received local therapy with those who did not. The local therapy group 
that received RP or brachytherapy showed a significantly higher survival 
rate and lower mortality. In another population-based study, all-cause 
mortality and cancer-specific mortality were reduced by approximately 70% 


in patients who underwent RP after a diagnosis of metastatic prostate cancer 
[1]. 

A study based on the Munich Cancer Registry showed that patients with 
metastatic prostate cancer who underwent RP were more likely to 
demonstrate a significantly higher 5-year overall survival rate than those 
who did not receive RP (55% vs. 22%, respectively) [1]. 

L6ppenberg et al. showed benefit of local treatment in metastatic 
prostate cancer using the data of 15,501 patients from the National Cancer 
Database (NCDB). 20% patients of local treatment group underwent 
cytoreductive RP. In the propensity-matched analysis, the 3-year overall 
mortality-free survival was higher in local treatment group than nonlocal 
treatment group (69% vs. 54%; p < 0.001) [14]. In the 3-year survival 
stratified by treatment type, RP shows almost similar survival benefit with 
brachytherapy (78% vs. 80%; p < 0.001). Another NCDB studies have 
compared ADT with RT, ADT with RP, and use of ADT alone in patients 
with metastatic prostate cancer. Overall survival was found to be improved 
in those who received ADT with RT and ADT with RP compared to those 
who received only ADT [1]. 


7.6 Limitations of Radical Prostatectomy in 


Metastatic Prostate Cancer 


Cytoreductive RP is an important first step in the treatment of de novo 
metastatic disease in cases diagnosed with metastatic prostate cancer. 
However, there is no prospective evidence that local therapy has a better 
survival benefit in patients with metastatic prostate cancer. 

Most previous studies that have evaluated the role of cytoreductive RP 
for treatment of metastatic prostate cancer primarily included patients 
without visceral metastasis and oligometastatic disease, patients with low 
volume, and those with a low prostate-specific antigen (PSA) nadir using 
systemic therapy. Additionally, most studies were population based and 
retrospective case control studies. 

Currently ongoing prospective and randomized control studies, in 
addition to non-biased studies evaluating the role of cytoreductive RP, are 
needed to assess patients with the most benefit from local control of 
primary tumors. 


7.7 Summary 


e Cytoreductive radical prostatectomy is feasible: similar with locally 
advanced prostate cancer except for distant metastasis. 


e Possible rationale for cytoreductive radical prostatectomy gains 
positive oncological outcome: pre-metastatic niche, tumor self-seeding 
theory, and tumor microenvironment. 


e There is still none of level 1 evidence supporting oncological benefit 
of cytoreductive RP in metastatic disease; careful selection of eligible 
patients should be important. 
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8.1 Introduction 


Men with locally advanced or high-risk prostate cancer have a substantial risk 
of dying and developing distant metastases. Historically, androgen deprivation 
therapy (ADT) by bilateral orchiectomy was frequently used as an effective 
systemic treatment for advanced prostate cancer. In the 1980s, luteinizing 
hormone-releasing hormone (LHRH) analogs and antiandrogens emerged and 
have been used as a medical castration alternative to bilateral orchiectomy. 
After its success as a palliative treatment for metastatic prostate cancer, a 
number of trials were initiated to investigate the role of radiotherapy (RT), 
ADT, and their combination in multimodal treatment for locally advanced or 
high-risk prostate cancer. In this chapter, we highlighted important randomized 
trials of combined therapy for locally advanced or high-risk prostate cancer 
and tried to define the individual roles of RT, ADT, and their combination. A 


comprehensive review of this topic has been published elsewhere [1], and a 
large part of the content has been duplicated. 


8.2 Radiotherapy Alone Versus Radiotherapy Plus 
Androgen Deprivation Therapy 


Several multicenter randomized controlled trials designed to demonstrate the 
effectiveness of ADT in locally advanced or high-risk prostate cancer treated 
with definitive RT were executed in the late 1980s and early 1990s; these were 
Radiation Therapy Oncology Group (RTOG) 8531 [2], RTOG 8610 [3], and 
European Organisation for Research and Treatment of Cancer (EORTC) 22863 
[4] (Table 8.1). When combined with RT, ADT schedules were varied from 
short-term (ST-ADT) to long-term (LT-ADT). Arbitrarily, duration of ST-ADT 
and LT-ADT were 4—6 months and over 2 years, respectively. During this 
period, conventional RT was standard of care which delivered with 45 Gy to 
whole pelvis followed by 20-25 Gy to prostate boost (total dose 65—70 Gy). 


Table 8.1 The results of randomized controlled trials for radiotherapy plus ADT versus radiotherapy 
alone for locally advanced or high-risk prostate cancer 


Study Treatment Patient ee Eo Clinical outcomes at 10 
arms years (%) 
Age T3- mane GS iPSA=20 inua Med BCF(LP 
(med)4 (%) 28 (Gy) TER F/U 
(%) (yr) 
RTOG |RT + LT-|489 >70 |2 na Lifelong 7.6 934 2 s 18 | 
8531 " 
ADT gu 


EORTC |RT + LT-/2 72 36 9.1 494 |584| 104 
o i months 


am we p P|) | po wo 


Ka + ST- a 39 16 |33 10.6 |53a |43a|10 |71a|118a 
ADT (6 a 

months) 

RT + T 265 20 |37 168/15 |63 |19 
ADT i 

aa 


Study P Patient peee | E outcomes at 10 
years (%) 
(med) na ee 28 (Gy) P F/U 
(%) (yr) 
Piet mea ehbe | |e be a 7 


Abbreviations: ADT androgen deprivation therapy, RT radiation treatment, 
BCF biochemical failure, LP local progression, DM distant metastasis, OS 
overall survival, DSM disease-specific mortality, NS no significant difference, 
LT long term, ST short term 

4Statistically significant difference compared to RT alone 


RTOG 8531 [2] was designed to compare between RT alone and RT plus 
lifelong ADT using goserelin (LT-ADT). Eligible criteria for RTOG 8531 were 
prostate adenocarcinoma extending beyond the prostate (cT3) or those with 
regional lymph node metastasis (N1). Nine hundred and seventy-seven 
patients were randomly allocated to RT alone (n = 488) and RT combined with 
LT-ADT (n = 489). In RT-alone group, goserelin was applied at the time of 
disease relapse. In addition patients who had received radical prostatectomy 
were included if pathologic specimen showed extracapsular extension to the 
resection margin and/or with seminal vesicle involvement (15%). At a median 
follow-up of 7.6 years, adjuvant lifelong LI-ADT was significantly related to 
reductions in local progression (23 vs. 38%, p < 0.001) and distant metastasis 
(24 vs. 39%, p < 0.001) at 10 years. LT-ADT also showed survival benefits 
with an increase in 10-year overall survival (49 vs. 39%, p = 0.002) and a 
reduction in disease-specific mortality (16 vs. 22%, p = 0.005) compared to 
RT alone. The improvements in survival were shown preferentially in patients 
who had Gleason score of 7—10. 

RTOG 8610 [3] evaluated whether RT plus 4-month ST-ADT improves 
locoregional control and consequently survival when compared with RT alone. 
Eligibility was prostate cancer patients with cT2—T4 bulky tumors with or 
without regional lymph node metastasis and no evidence of distant metastasis. 
Four hundred and fifty-six patients (median age, 70 years) were randomly 
assigned to receive RT alone (n = 232) or RT plus ST-ADT (n = 224). ST-ADT 
composed of goserelin (3.6 mg every month) and flutamide (250 mg of three 
times a day for 2 months) before and during RT. Estimated 10-year 
biochemical failure (BCF) (65 vs. 80%, p < 0.001) and distant metastasis (35 
vs. 47%, p = 0.006) favored RT plus ST-ADT, respectively. A local effect of 
ST-ADT was shown until the 8-year estimates [6] but disappeared in the 10- 


year estimates [3]. The 4-month ADT showed a significant reduction in 10- 
year disease-specific mortality (23 vs. 36%, p = 0.02) but no significant 
improvement in overall survival (43 vs. 34%, p = 0.12). 

EORTC 22863 [4] conducted a randomized controlled trial to evaluate the 
benefits of LT-ADT for 36 months with LHRH analogs compared with RT 
alone in prostate cancer with a high risk of metastases. Inclusion criteria were 
younger than 80 years old and had cT1—2 prostate cancer with World Health 
Organization histological grade 3 (10%) or cT3—4 prostate cancer of any 
histological grade (90%). A total of 415 patients were randomly allocated to 
two groups, 208 in radiotherapy alone and 207 in radiotherapy plus LT-ADT. 
At a median 9.1 years of follow-up, RT combined with LT-ADT significantly 
improved 10-year local progression (6 vs. 24%, p < 0.001) and distant 
metastasis (49 vs. 70%, p < 0.001) compared to RT alone. Long-term survival 
benefits were also associated with combined treatment by an improvement in 
10-year overall survival (58 vs. 40%, p < 0.001) and a reduction in 10-year 
disease-specific mortality (10 vs. 30%, p < 0.001). There was no significant 
difference in cardiovascular toxicity between two groups regardless of the 
presence of underlying heart diseases at study entry. 

In the late 1990s, Trans-Tasman Radiation Oncology Group (TROG 9601) 
trial was conducted to compare neoadjuvant 3- and 6-month ST-ADT when 
combined with radiotherapy for advanced prostate cancer [5]. A total of 802 
men with cT2b-T4 NOMO prostate adenocarcinoma were randomized to 
receive RT alone (n = 270), 3-month ST-ADT plus RT (n = 265), or 6-month 
ST-ADT plus RT (n = 267). All patients received 66 Gy of RT to the prostate 
target (without pelvic RT). Long-term outcomes were reported at a median 
follow-up of 10.6 years after the randomization. Compared with RT alone, 3- 
month ST-ADT decreased the 10-year BCF (p = 0.003) and local progression 
(p < 0.001) significantly, but had no improvement in distant metastasis, overall 
survival, and disease-specific mortality. In contrast, 6-month ADT offers 
further reductions in BCF (p < 0.001) and local progression (p < 0.001) as well 
as decreased distant metastasis (p = 0.001) and disease-specific mortality (p < 
0.001) and improved overall survival (p < 0.001) compared to RT alone. 
Treatment-related toxicity rate was not affected by ST-ADT in the first 5 
years. 


8.3 Androgen Deprivation Therapy Alone Versus 
Radiotherapy Plus Androgen Deprivation Therapy 


The major benefit of ADT in advanced prostate cancer may be associated with 
the control of occult micro-metastases, with delayed progression at the 
prostate by some local effect [7]. For ADT alone as a treatment for locally 
advanced prostate cancer, lifelong ADT with either surgical castration or 
LHRH analogs is maintained until disease recurrence or death. In a 
randomized study for patients with cT2-T4 prostate cancer, in the 1980s, a 
total of 277 patients were allocated to undergo orchiectomy alone (n = 90), to 
receive RT alone (n = 88), and to undergo combined therapy (n = 99) [8]. 
Orchiectomy either alone or combined with RT produced a significant delay in 
distant metastasis when compared with RT alone [8]. There were no 
differences in survival between those three groups; however, the number of 
participants was not sufficient to show statistically significant survival 
differences due to poor accrual [9]. In the early 1990s, after a data has 
emerged which suggested that ADT combined with RT improves clinical 
outcomes when compared to RT alone, several randomized controlled trials 
were commenced to assess the benefit of addition of RT to ADT in locally 
advanced or high-risk prostate cancer. The long-term results comparing ADT 
alone and RT plus LI-ADT were available in two multicenter prospective 
studies (Table 8.2). 


Table 8.2 The results of randomized controlled trials for radiotherapy plus ADT versus ADT alone for 
locally advanced or high-risk prostate cancer 


Treatment Patient characteristics ace pee outcomes at 5-10 


arms ee (%) 


Age (T3-(+)N|GSiPSA>20 RT Med BCE LP 
(med)4 (%) 28 (Gy) PETF F/U 
(%) (yr) 
+ i poe Ba m a T aa a 


fae ~foo La Lifelong ett 


RT 


ADT [43966 | T aeons EHH 
gone ee a Sore | 
months 
30 00 62 36 
sor poe ee dadda 


Abbreviations: ADT androgen deprivation therapy, RT radiation treatment, 
BCF biochemical failure, LP local progression, DM distant metastasis, OS 
overall survival, DSM disease-specific mortality, LT long term, ST short term 


*Statistically significant difference compared to ADT alone 
10-year outcomes in NCIC CTG/MRC and SPCG-7/SFUO3; 5-year 
outcomes in Mottet et al. 


National Cancer Institute of Canada Clinical Trial Group and Medical 
Research Council (NCIC CTG/MRC) trial [10] randomized a total of 1205 
patients to ADT-alone group (n = 602) and RT plus LI-ADT group (n = 603). 
Patients with cT3—4 prostate adenocarcinoma (n = 1057) or organ-confined 
disease (cT2) with either an initial serum prostate-specific antigen (PSA) value 
higher than 40 ng/mL (n = 119) or a PSA value higher than 20 ng/mL and a 
Gleason score 8—10 (n = 25) were included. Node-positive disease was 
excluded. RT dose was delivered to 45 Gy for the regional lymphatic chain 
and total 65—69 Gy to the prostate and seminal vesicles. All patients received 
lifelong ADT either LHRH analogs (93%) or bilateral orchiectomy (7%). The 
median age of all patients was 70 years old. At a median 8-year follow-up, the 
addition of RT led to a 30% reduction of the overall mortality (hazard ratio 
0.70, 95% CI 0.57-0.85, P < 0.001) and significantly reduced deaths from 
prostate cancer (hazard ratio 0.46, 95% CI 0.34—0.61, P < 0.001). The 10-year 
BCF was 73% with ADT alone and 37% with RT plus LT-ADT, respectively, 
with no reports on local progression or distant metastasis. Patients in RT plus 
LT-ADT group reported more frequent bowel toxicity, but most were grades 
1-2. Regarding the ADT-related toxicity, the three most common grade 3 or 
higher toxicities were impotence (29-33%), hot flush (S—8%), and urinary 
frequency (4—7%), and there were no significant differences. The difference in 
reported cardiac events between two groups was also nonsignificant. 

In the Scandinavian Prostate Cancer Group Study No. 7/the Swedish 
Association for Urological Oncology-3 (SPCG-7/SFUO-3) trial [11], a total of 
875 men with advanced prostate cancer (T3; 78%; NO; MO; PSA <70) were 
randomly allocated to ADT alone (n = 439) or to RT plus LI-ADT (n = 436). 
Notably, SPCG-7/SFUO3 enrolled younger patients (median 66 years) than 
other randomized trials (median 70—71 years). ADT consisted of total 
androgen blockade for 3 months followed by antiandrogen treatment using 
flutamide. Total RT dose of minimum 70 Gy was prescribed to prostate target 
with or without pelvic RT. After a median 7.6 years of follow-up, the addition 
of RT halved the rate of disease-specific mortality at 10 years compared to 
ADT alone (12 vs. 24%, p < 0.001) and substantially increased overall 
survival at 10 years (70 vs. 60%, p = 0.004). Incidence of BCF at 10 years was 
significantly higher in the ADT-alone group (26 vs. 75%, p < 0.001). Slightly 


more frequent urinary, bowel, and sexual problems were shown after addition 
of RT to ADT, but it was fully acceptable compared to ADT alone. 

In 2000s, Mottet et al. [12] conducted a multicenter prospective trial to 
evaluate the addition of RT in patients who received temporary LT-ADT (3 
years) for cT3—4 or pT3NO MO (4%) prostate adenocarcinoma. After 
randomization, ADT alone was given to 130 patients and combined treatment 
to 133 patients. In LT-ADT plus RT arm, a total of 68-70 Gy was prescribed to 
prostate target. After a median follow-up of 5.6 years, additional local RT 
improved 5-year clinical outcomes significantly with decreased BCF (35 vs. 
85%, p < 0.001), local progression (10 vs. 29%, p < 0.001), and distant 
metastasis (3 vs. 11%, p = 0.018). A difference in 5-year overall survival was 
not significant, but a difference in 5-year disease-specific mortality was shown 
borderline significance (7 vs. 14%, p = 0.0586) between two groups. This trial 
has limitations such as a small cohort with a short follow-up period to show 
the survival benefit. Genitourinary and gastrointestinal toxicities were more 
common in LI-ADT plus RT than with ADT alone. At 6 months, grades 2—4 
toxicity were reported in bladder/urethra (18% ADT alone vs. 29% in LT-ADT 
plus RT), rectum (2 vs. 14%), and small intestine/colon (3 vs. 13%), 
respectively, but decreased gradually with time. Cardiovascular problems were 
observed at a similar rate between the two arms. 


8.4 Short-Term Versus Long-Term Androgen 
Deprivation Therapy When Combined with 
Radiotherapy 


The randomized controlled trials comparing RT alone and the combined 
treatment in 1980s reported superior outcomes of combined treatment either 
ST-ADT or LI-ADT with RT in their initial analysis. Subsequently, the 
optimal ADT duration when combined with RT has been questioned 
continuously. Prolonged ADT can deteriorate the quality of life and heighten 
the risk of long-term morbidities including cardiovascular events, sarcopenia, 
osteopenia, and fractures [13]. Short-term use of ADT may effectively reduce 
these risks if it can achieve comparable clinical outcome to LT-ADT. Several 
multicenter randomized trials were performed to determine whether ST-ADT 
would achieve disease control and survival rate obtained by LI-ADT and 
preserve the quality of life (Table 8.3). 


Table 8.3 The results of randomized controlled trials for the optimal durations of ADT when combined 
with RT for locally advanced or high-risk prostate cancer 


Study (Treatment Patient cats a ee fe outcomes at 5— 
arms ae ee (%) 
Age ne GS iPSA220 RT Med BCF L 
(med) 7 (%) 28 (Gy) fee F/U 
(%) (yr) 


RTOG aa + LT- g e| bal ia a hea A 28 11.3 cal nt se 54 1 
9202 aa months 


[14] pr + st al PP i fall 65- 
ADT 70 ae 
RT + LT-/487 76 19 70 |36 6.4 85 3a 
ADT months 
RT + ST-/483)/70 79 19 70 J6 81/5 
ADT months 


Abbreviations: ADT androgen deprivation therapy, RT radiation treatment, 
BCF biochemical failure, LP local progression, DM distant metastasis, OS 
overall survival, DSM disease-specific mortality, LT long term, ST short term 
aStatistically significant difference 

bÞ10-year outcomes in RTOG 9202; 5-year outcomes in EORTC 22961 


RTOG 9202 [14] was performed to compare 4-month ST-ADT and 28- 
month LT-ADT when combined with RT in patients with cT2c-4 prostate 
cancer and a serum PSA value below 150 ng/mL. After all patients received a 
combined treatment with 4-month ST-ADT and RT, a total of 1554 patients 
were randomized to receive no more treatment (n = 763) or additional 24- 
month ADT (n = 758). Approximately 55% of the patients were clinically T3- 
T4, and 30% had positive pelvic nodal spread. Median follow-up period was 
over 11 years. The LT-ADT plus RT group showed significantly better 
outcomes for most of end points than ST-ADT plus RT group, but not for 
overall survival. Improvements in 10-year BCF (52 vs. 68%, p < 0.001), local 
progression (12 vs. 22%, p < 0.001), and distant metastasis (15 vs. 23%, p < 
0.001) were observed in LT-ADT when compared with ST-ADT, respectively. 
Although 10-year disease-specific mortality was significantly reduced by LT- 
ADT (11 vs. 16%, p = 0.004), 10-year overall survival was not (54 vs. 52%, p 
= 0.36). An increase in overall survival was restricted to a subgroup of patients 
with a Gleason score 8 or higher (45 vs. 32%, p = 0.006). One patient in RT 
plus LT-ADT died of chemical hepatitis caused by ADT during the hormone 
treatment. LT-ADT exhibits slightly more severe late RT-related toxicity with 


grade 3 (ST-ADT 6% vs. LI-ADT 7%) and grade 4 (ST-ADT 1% vs. LI-ADT 
3%). No significant difference in cardiovascular toxicity was seen between 
two groups. 

EORTC 22961 [15] reported the comparison between 6-month ST-ADT 
and 36-month LT-ADT when combined with RT for cT1c-T2b with N1-2 
prostate cancer or CT2c-T4 with NO-N2 prostate cancer. A total of 970 patients 
were randomly allocated, 483 to ST-ADT and 487 to LI-ADT. Approximately 
95% were at CT 2c-T4 stage, and 9% were node positive. Total of 70 Gy RT 
(pelvic RT 50 Gy + prostate boost 20 Gy) was delivered to all patients. A 
hazard ratio 1.35 or less was adapted to establish the noninferiority of ST-ADT 
to LI-ADT for overall survival. After a median 6.4 years of follow-up, ST- 
ADT combined with RT provides inferior survival compared with LT-ADT 
combined with RT. The 5-year overall mortality in ST-ADT arm and LT-ADT 
arm was 19.0 and 15.2%, respectively, corresponding to a hazard ratio of 1.42 
(upper 95.71% confidence limit, 1.79; p = 0.65 for noninferiority), and higher 
5-year disease-specific mortality (5 vs. 3%, p = 0.002 by the log-rank test) was 
observed in ST-ADT arm. In terms of adverse events, LT-ADT arm was 
associated with higher scores of hot flushes and reduced sexual interest and 
sexual activity than ST-ADT arm. Fatal cardiovascular toxicity at 5 years was 
not significantly different between two groups. 


8.5 Other Issues 


The role of radiation dose intensification in multimodal therapy has been 
studied as well. ASCENDE-RT phase III trial investigated the efficacy of 
brachytherapy as a boost to external beam RT (EBRT) in intermediate- and 
high-risk prostate cancer [16—18]. A total of 398 patients received 12-month 
ADT and pelvic irradiation to 46 Gy and then were randomly assigned to 
EBRT boost arm (total dose up to 78 Gy) or low-dose-rate prostate 
brachytherapy boost (LDR-PB) arm. After a median 6.5 years of follow-up, 
LDR-PB halved the risk of BCF compared to EBRT boost; however, no 
significant improvement in OS was observed. Urinary function impairment 
was Significantly more in LDR-PB arm than EBRT boost arm [16-18]. 
However, no trial has been conducted to define the role of radiation dose 
intensification using EBRT (conventional or hypo-fractionation) or 
brachytherapy boost solely for locally advanced or high-risk prostate cancer; 
hence, the role has not been well established yet. In patients with locally 
advanced or high-risk prostate cancer, it should be noted that the risk of distant 


metastases was higher than those of local progression after the current 
standard treatment of RT plus LT-ADT [1]. Thus, the intensification of 
systemic treatment may have more potential to improve the clinical outcome 
than those of local treatment. A couple of studies demonstrated that the 
addition of docetaxel to ADT led to an improvement in overall survival in 
locally advanced or high-risk patients in their interim analyses [19, 20]. 
Similarly, ADT plus abiraterone showed significantly improved overall 
survival in patients with newly diagnosed, metastatic, castration-sensitive 
prostate cancer [21]. It is worthy to evaluate the role of the intensification of 
systemic treatment by addition of these new agents for locally advanced or 
high-risk prostate cancer in the future trials. 


8.6 Conclusions 


To determine the contributions of each treatment (RT, ST-ADT and LT-ADT) 
and their combinations on clinical outcome after multimodal treatment for 
locally advanced prostate cancer, the 10-year clinical outcomes were extracted 
from published articles, and then their average rates were calculated by 
weighting the cohort number to depict a roughly estimated trend (Fig. 8.1) [1] 
(adapted from a previous publication by the same authors). Although ADT 
alone tends to show higher estimated 10-year overall survival than RT alone, 
the 10-year disease-specific mortality rate was almost similar between two 
groups. When combined with RT, ADT either ST- or LI-ADT provides notable 
local and systemic effect. Compared to RT alone, the 10-year local progression 
was profoundly decreased by addition of ST-ADT and further by those of LT- 
ADT. Likewise, the 10-year distant metastasis and disease-specific mortality 
also had a similar trend, as well as the most favorable 10-year overall survival 
was seen in RT plus LI-ADT. In summary, the best long-term clinical 
outcomes were resulted by the combined treatment with RT and LT-ADT, 
indicating that both RT and ADT are crucial parts of multimodal treatment and 
should be considered as the current standard of care for locally advanced or 
high-risk prostate cancers. Further refinement of combined treatment is 
warranted. 
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Fig. 8.1 The relative contributions of individual treatment in multimodal therapy for locally advanced 
prostate cancer [1] 


8.7 Summary 


Locally advanced prostate cancer has a substantial risk of occurrence of distant 
metastasis. Androgen deprivation therapy by either surgical or medical 
castrations is considered as the most effective systemic therapy for advanced 
prostate cancer. Numerous trials have been executed to investigate the role of 
radiotherapy, androgen deprivation therapy, and their combination in 
multimodal treatment for locally advanced or high-risk prostate cancer. The 
best long-term clinical outcomes resulted from the combined treatment with 
radiotherapy and long-term androgen deprivation therapy, indicating that both 
RT and ADT are crucial parts of multimodal treatment and should be 
considered as the current standard of care. 
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9.1 Introduction 


Prostate cancer is generally considered to have a low a/f ratio. With this 
biological rationale and the development of radiation techniques, 
hypofractionation is now rapidly performed in radiation oncology field. 
Several prospective trials have been conducted to evaluate the moderate 
hypofractionation and demonstrated that moderate hypofractionation is not 
superior but equivalent to conventional fractionation regimen in terms of 
biochemical control. The data on extreme hypofractionation is still 
immature, but promising. Also, combined treatment with external beam 
radiotherapy and brachytherapy has demonstrated better biochemical 
control than that of external beam radiotherapy alone. In this chapter, we 
review the dose, technique, and fractionation scheme for the prostate 
cancer. 


9.2 Dose Escalation and Rationale for 


Hypofractionation 


Several randomized clinical trials have reported long-term outcomes that 
high-dose external beam radiotherapy (EBRT) is more effective in treating 
localized prostate cancer including low-, intermediate-, and high-risk 
disease in the aspect of biochemical failure (BCF) [1-3]. As a result, the 
prescription dose for EBRT has increased from the ranges of 68—70 Gy to 
76-80 Gy, especially for intermediate- and high-risk patients. However, 
increased adverse events were the results of dose escalation. In a meta- 
analysis with seven randomized trials, there were more incidences of late 
grade >2 gastrointestinal (GI) toxicity after high-dose RT with an odds ratio 
(OR) of 1.58 [4]. However, highly conformal irradiation techniques such as 
intensity-modulated radiotherapy (IMRT) and image-guided radiotherapy 
(IGRT) have been proven to reduce the risks of toxicities and now widely 
used in clinics [5, 6]. 

In addition, hypofractionation has been proposed to improve therapeutic 
ratio. Hypofractionation scheme is based on an assumption that prostate 
cancer has a low a/f ratio compare to healthy normal tissues. Many studies 
have evaluated the a/B ratio for prostate cancer about 1.5 Gy [7, 8] while 
that for the late-responding normal organs nearby (rectum, bladder, and 
urethra) has been estimated to be 23 Gy. This low a/B ratio indicates greater 
sensitivity to higher doses per fraction, which could yield improved local 
tumor control without increased toxicity. Moreover, shorten RT course 
could save the health care costs and provide convenience for the patients. 

Although there is no clear consensus on definition for fractionation 
schemes, conventional fractionation is commonly defined as a fraction size 
of 1.8-2.0 Gy (7-9 weeks). Following the general concept, we defined the 
moderate hypofractionation with doses per fraction between 2.5 and 4.0 Gy 
(4—6 weeks) and severe/extreme hypofractionation with a single dose =>5 Gy 
(4-5 fractions) for the organization of the present review. 


9.3 Moderate Hypofractionation 


The trials on moderate hypofractionation (MH) could be divided into 
superiority and non-inferiority studies. Superiority trials are listed in Table 


9.1. Except for the abstract from the University of Texas MD Anderson 
Cancer Center [11], most studies reported negative results for superiority of 
MH. The largest superiority study was HYPRO study which enrolled a total 
of 804 patients [12]. The subjects were randomized to conventional arm (78 
Gy in 39 fractions, every weekday) and MH arm (64.6 Gy in 19 fractions, 
three fractions in a week). The majority of patients (73-74%) were high- 
risk group. With median follow-up time of 60 months, 5-year BCFFS was 
80.5% in MH arm and 77.1% in conventional arm (p = 0.36). HYPRO 
study also evaluated late toxicity in non-inferiority setting with an endpoint 
of the event of grade 2 or worse acute and late genitourinary (GU) and GI 
toxicity. HYPRO study could not demonstrate that MH was not inferior for 
cumulative late GU and GI toxicity compared with the conventional 
fractionation since estimated hazard ratio (HR) was not met to reject 
inferiority. Late grade >3 genitourinary (GU) toxicities were significantly 
worse in hypofractionation arm (19 vs. 12.9%, p = 0.021) [13]. The other 
studies in superiority settings reported that biochemical control and 
toxicities were not significantly different between conventional and MH 
arm [9, 10]. HYPRO study used higher biologically effective dose of 137.8 
Gy with a/B ratio of 3 Gy for the bladder and rectum in MH arm than those 
of the other studies (126.1—133.4 Gy;), and this could be the reason for the 
higher late toxicity. Although superiority trials failed to demonstrate the 


superiority of MH in either reducing late toxicity or increasing efficacy, the 
results were comparable to the conventional fractionations. 


Table 9.1 Superiority trials for moderate hypofractionation 
Trial N Median Risk Dose ADT BCFFS Late toxicity 
FU (Y) group/GS_ (TD/SD) 
Rome [9] 85 High 80/2 100% NS NS 
83 62/3.1 


FCCC [10] |15215.5 Low 76/2 ~45% (high |NS NS 
151 Intermediate |70.2/2.7 (risk) 
High 


MDACC 206 |8.4 GS 6-7 75.6/1.8 |24% SS NS 

[11] abs 72/2.4 

HYPRO 397/5 Intermediate | 78/2 67% NS SS (tG3+ GU in 
[12, 13] 407 High 64.6/3.4 hypofractionation) 


ADT androgen deprivation therapy, abs data derived from abstract, BCFFS 
biochemical failure-free survival, FU follow-up, GI gastrointestinal, G 
grade, GS Gleason score, GU genitourinary, NS not significant, SS 
statistically significant, SD single dose, TD total dose, Y years 


Long-waited results of three non-inferiority trials with over 5000 
patients were published recently and summarized in Table 9.2. There was 
no difference in BCFFS in all studies [14—16]. In the aspect of late 
toxicities, the results were slightly different. RTOG 0415 reported increased 
late grade >2 GI and GU toxicities in MH arm, while PROFIT and CHHiP 
reported no significant difference in late toxicities between two 
fractionation regimens. 


Table 9.2 Non-inferiority trials for moderate hypofractionation 


Trial Median FU Risk Dose ADT BCFES Late toxicity 
(Y) group/GS (TD/SD) 

PROFIT 598 Intermediate | 78/2 0% 

[14] 608 60/3 


RTOG 0415 |542 |5.8 Low 73.8/1.8 |0% |NS SS (tG2+ GI/GU in 
[16] 550 70/2.5 hypofractionation) 
CHHiP [15] |1065}|5.2 Low 74/2 97% |NS NS 

1074 Intermediate | 60/3 

1077 High 57/3 


ADT androgen deprivation therapy, abs data derived from abstract, BCFFS 
biochemical failure-free survival, FU follow-up, GI gastrointestinal, G 
grade, GS Gleason score, GU genitourinary, NS not significant, SS 
statistically significant, SD single dose, TD total dose, Y years 


The largest non-inferiority study was CHHiP study which enrolled 3216 
patients. Patients were randomly allocated to conventional regimen of 74 
Gy in 37 fractions or either 60 Gy in 20 fractions or 57 Gy in 19 fractions. 
With a median follow-up of 62.4 months, 5-year biochemical or clinical 
failure-free survival rate was 88.3% in the 74 Gy arm, 90.6% in the 60 Gy 
arm, and 85.9% in the 57 Gy arm. Sixty Gy was non-inferior to 74 Gy, but 
57 Gy failed to show non-inferiority compared with 74 Gy. Late 
complications were similar in the hypofractionated regimens compared to 
those of the conventional group. Five-year cumulative incidences of grade > 


2 GI toxicity were 13.7% for 74 Gy group, 11.9% for 60 Gy group, and 
11.3% for 57 Gy group with no statistical significance. Five-year 
cumulative incidences of grade > 2 GU toxicity were 9.1% for 74 Gy group, 
11.7% for 60 Gy group (HR 1.34, p = 0.07), and 6.6% for 57 Gy group (HR 
0.85, p = 0.37). 

The RTOG 0415 study randomized 1092 patients with low-risk disease 
to conventional arm (73.8 Gy in 41 fractions) or MH arm (70 Gy in 28 
fractions). With a median follow-up time of 5.8 years, there was no 
significant difference in 5-year BCFFS and acute complications. However, 
the late grades 2—3 GI toxicities were about 60% more likely in MH group. 
The majority of the late toxicities were grade 2 (11.4% vs. MF 18.3%, 
relative risk (RR) 1.59), and grade 3 were 2.4% in conventional arm and 
4.1% in MF arm (RR, 1.55). Likewise, grade 2 late GU complications were 
20.5% in conventional and 26.2% in MR arm (RR, 1.31), and grade 3 
events were 2.1% and 3.5% (RR, 1.56), respectively. 

The first possible reason for the worse toxicity outcomes in MH of 
RTOG 0415 seemed the prescription doses in both control and MH arms. 
BED of conventional arm was 118.1 Gy3 in RTOG 0415 which is lower 


than those of the CHHiP (123.3 Gy3) and PROFIT (130 Gy3). On the other 
hand, BED of MH arm was higher in RTOG 0415 (128.3 Gy;) than the 
other studies (120 Gy3). BED difference control and MF arm were most 


prominent in RTOG trial. Second, RTOG 0415 had more generous organs at 
risk (OAR) dose constraint protocol. These factors might affect significant 
differences in late toxicities. 

Overall, superiority and non-inferiority studies have consistently 
demonstrated that hypofractionation is not inferior to conventional 
fractionation. Although there is a little worrisome on potential higher late 
toxicities, the absolute difference was only about 6% and mostly confined 
to grade 2 adverse effects [13, 16]. Routine use of IMRT and IGRT could 
further decrease the toxicity rate. Also, baseline check on preexisting 
inflammatory bowel disease or urinary dysfunction must be preceded. 

MH regimen of 60 Gy with 3 Gy per fraction demonstrated its efficacy 
and safety in PROFIT and CHHiP trials. There might be a question on 
further dose escalation in MH. A phase II study assessing further dose- 
escalated hypofractionation regimen (66 Gy in 22 fractions) enrolled 
patients from 2001 to 2005, and its long-term outcomes were reported [17]. 


Median follow-up was 128 months for 60 Gy and 108 months for 66 Gy. 
Enrollment of 66 Gy arm closed early due to excessive grades 3—4 late 
toxicity; 66 Gy was related to significantly higher late toxicity. From the 
non-inferiority trials and this phase II study, BED of 60 Gy with fraction 
size of 3 Gy (120 Gy3) would be appropriate for MH and also comparable 


to conventional fractionation in terms of safety and efficacy. 


9.4 Extreme Hypofractionation 


Extreme hypofractionation (EH) was defined as a =>5 Gy per fraction, and 
usually 6.25—8 Gy per fraction with a total dose of 35—40 Gy. EH is 
possible owing to the development of techniques for inter- and intra- 
fractional movement control such as fiducial markers insertion and image- 
guided radiotherapy. Both robotic non-coplanar (Cyberknife™) and gantry- 
based techniques can be used for EH. 

Several phase I-II studies on EH reported comparable efficacy and 
toxicity outcomes to those of conventional RT [18—21] (Table 9.3). The 5- 
year BCFFS was 95-97% in low-risk disease, 83—97% in intermediate-risk 
group, and 69—78% in high-risk group. Higher EH dose of 40 Gy 
demonstrated higher 4-year cumulative incidence of grade >2 GI/GU 
toxicities than those of 35 Gy [21], the difference was observed in grade 2 
toxicities, and rate of grade >3 late toxicities were below 2%. 


Table 9.3 Phase I-II trials for extreme hypofractionation 
Trial N Median Risk Technique Dose ADT 5-year (Late toxicity 
FU (Y) group/GS (TD/SD) BCFFS 


Meier 309 [5.1 Low 40/8 No |97.3% |G3 ~1.5% 

King [19] |1100 Low 
Intermediate 
High 

K 


35- $ G4 GI <1% 
Intermediate More G2+ toxicities 
in 40 Gy (5-7.6% vs. 
24.2-26.2%) 


sa 
atz [20] |515 i G2 GI 4%, GU 9.1% 
Intermediate . G3 GU 1.7% 
High : 


Musunuru |114 |6.2 
[21] 


ADT androgen deprivation therapy, abs data derived from abstract, BCFFS 
biochemical failure-free survival, FU follow-up, GI gastrointestinal, G 
grade, GS Gleason score, GU genitourinary, NS not significant, SS 
statistically significant, SD single dose, TD total dose, Y years 


The phase III data is awaited and there are three phase III studies 
comparing EH with conventional regimens. The Scandinavian trial “HY PO- 
RT-PC” (ISRCTN45905321) enrolled 1200 intermediate-risk prostate 
cancer patients and randomized them to either conventional (78 Gy in 39 
fractions) or EH (42.7 Gy in 7 fractions, every other weekday). They 
reported early toxicity result with the 866 patients who reached 2-year 
follow-up, and there was no difference [22]. The tumor control outcomes 
would take more time. 

Another ongoing trial is PACE B (NCT01584258) comparing EH 
(36.25 Gy/five fractions), MH (62 Gy/20 fractions), and conventional 
regimen (78 Gy/39 fractions). The last one is HEAT trial (NCT01794403) 
which compare MH (70.2 Gy/26 fractions) with EH (36.25 Gy/5 fractions). 

The PATRIOT study (NCT01423474) is a randomized phase II study 
comparing two EH schedules delivered every other day over 11 days and 
once per week over 29-day schedule with prescription dose of 40 Gy in 5 
fractions. The study reported early results with median follow-up time of 
13.1 months; 29-day group was associated with superior bowel and urinary 
quality of life than those of 11-day arm [23]. 


9.5 Boost Modalities: External Beam Radiotherapy 
Versus Brachytherapy 


In a comparative analysis, brachytherapy demonstrates its value in all risk 
groups [24]. In terms of biochemical control, brachytherapy provides 
superior results in patients with low-risk group. For intermediate-risk group, 
the combination of EBRT and brachytherapy appears comparable to 
brachytherapy alone. For high-risk diseases, combination therapies 
including EBRT, brachytherapy, and androgen deprivation therapy (ADT) 
appear superior to localized treatment alone. 

There was an attempt to compare the EBRT alone and combined 
treatment consisting of low-dose rate (LDR) brachytherapy and EBRT. A 
total of 870 patients with intermediate-risk prostate cancer treated with 


either 86.4 Gy of EBRT alone (n = 470) or combined treatment with 50.4 
Gy of EBRT (n = 400). The 7-year BCFFS was 81.4 in EBRT vs. 92.0% in 
combined treatment (p < 0.001), and distant metastasis-free survival 
(DMES) rates were 93.0 vs. 97.2% (p = 0.04), respectively [25]. Although a 
higher incidence of acute GU toxicities observed in combined treatment 
arm, late toxicity outcomes were similar between the two groups. 

Recently, the results of a randomized phase III study (ASCEND-RT 
trial) were published. The ASCEND-RT trial enrolled 398 patients with 
intermediate or high-risk disease. After pelvic irradiation to 46 Gy, patients 
were randomized to an EBRT boost to 78 Gy (n = 200) or LDR boost (n = 
198). Patients randomized to EBRT boost arm were twice as likely to 
experience biochemical failure (multivariable analysis HR 2.04; p = 0.004) 
with the 9-year BCFFS of 83% (EBRT) and 62% (LDR) [26]. Toxicity data 
were also reported, and 5-year cumulative incidence of grade 3 GU 
toxicities was 18.4% for LDR and 5.2% for EBRT boost (p < 0.001) [27]. 

Previous trials suggested that combined therapy with EBRT and 
brachytherapy would be better than EBRT alone. To escalate the efficacy of 
EBRT alone, there is attempt to introduce EH as a boost therapy. There 
have been several reports that EH could achieve a comparable dose 
distribution to that of brachytherapy [28, 29]. ADEBAR trial 
(NCT03322020) is conducted in Asan Medical Center, which evaluated the 
feasibility of CyberKnife boost with two EH regimens (18 Gy/3 fractions 
and 21 Gy/3 fractions). The participant accrual is over and the study is 
waiting for data maturation. 


9.6 Summary 


Moderate hypofractionation is effective and safe for prostate cancer. 
Moderate hypofractionation regimen of 60 Gy in 20 fractions could be 
considered as another standard care for prostate cancer. Next question for 
radiation oncologists is the feasibility of extreme hypofractionation. The 
results of ongoing randomized trials are now awaited. Brachytherapy seems 
superior modality for boost treatment to external beam radiotherapy, and 
boost using extreme hypofractionation is under evaluation. 
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10.1 Introduction 


The prostate cancer (PCA) disseminates by the lymphatics, the perineural spaces, and 
the venous routes through the Santorini’s venous plexus. The lymphatic 
dissemination includes external iliac nodes, hypogastric nodes, and lateral and 
subaortic sacral nodes [1]. 

In the United States, among 230,000 patients diagnosed with PCA, 12% have 
regional lymph node involvements (LNI) [2]. In the absence of exact statistical data 
about LNI in South Korea, it is expected more than 12% of patients would have LNI, 
based on the study that showed South Korean patients had more aggressive clinical 
features than Caucasian an African American [3]. 

Imaging techniques are useful but show poor sensitivity for staging and detecting 
metastases and tumor recurrences. The guidelines recommend computed tomography 
(CT) or magnetic resonance imaging (MRI) for staging workup in patients with 
longer life expectancies, T3 or T4 disease, or probability of lymph node involvement 
>10% [4]. However, diagnostic accuracy of CT and MRI in nodal staging was poor. 
A meta-analysis for nodal staging showed pooled sensitivity of 0.42 (95% CI 0.26— 
0.56) and pooled specificity of 0.82 (95% CI 0.80-0.83) in CT and pooled sensitivity 
of 0.39 (95% CI 0.22-0.56) and pooled specificity of 0.82 (95% CI 0.79-0.83) in 
MRI [5]. In prospective comparison studies of CT, diffusion-weighted MRI and C- 


choline positron emission tomography (PET)/CT; sensitivity, specificity and accuracy 
were 57, 68, and 64% for CT; 57, 79, and 70% for MRI; and 57, 90, and 88% for 
11C-choline PET/CT, respectively [6]. All imaging techniques showed low 
diagnostic efficacy, but !'C-choline PET/CT were better in specificity. Thus, in 
detecting clinically node-positive patients, not only imaging studies but also patients’ 
clinical information should be considered carefully and staging pelvic 
lymphadenectomy could be considered, if needed. 

Several prognostic factors and models to predict LNI are demonstrated for years 
[7]. At present, the Partin tables, Memorial Sloan Kettering Cancer Center 
(MSKCC), and Briganti nomograms are widely used to predict LNI in PCA patients. 
The Partin tables included preoperative prostate-specific antigen (PSA) level, clinical 
stage, and biopsy Gleason score to predict trends in clinical features and pathologic 
stage for patients with localized PCA [8]. The MSKCC nomograms also used three 
clinical variables (pretreatment PSA, clinical stage, and Gleason score) to predict 
pathological LNI [9]. The Briganti nomograms are most recent and widely used 
nomograms for patients undergoing extended pelvic lymphadenectomy [10]. They 
included same variables with other nomograms and added the percentage of positive 
biopsy cores. 

Once regional LNI are found, PCA is categorized as stage IV. Although stage IV 
PCA also includes distant metastatic disease, management of node-positive patients 
needs to be in contrast with distant metastatic disease, and some of node-positive 
patients can be cured by multimodality therapy [11]. However, few studies have 
focused on node-positive patients; thus majority of evidences are derived from the 
studies for locally advanced PCA or metastatic diseases. 

We will review the current evidences in two different clinical situations. First, 
studies for the patients who are diagnosed with LNI via imaging studies or pathologic 
nodal staging (definitive radiotherapy). Second, for situation that LNI are identified 
during radical prostatectomy (adjuvant radiotherapy). 


10.2 The Role of Definitive Radiotherapy for Node- 


Positive Prostate Cancer 


In European Organization for Research and Treatment of Cancer (EORTC) 30846 
study, from 1986 to 1998, 234 patients with LNI confirmed after lymphadenectomy 
without prostatectomy or other local treatment were randomized to immediate 
androgen deprivation therapy (ADT) or ADT given at time of clinical progression. 
ADT consisted of luteinizing hormone-releasing hormone (LHRH) agonist and 1 
month of antiandrogen treatment or surgical castration [12]. After 13 years of follow- 
up time, the median overall survival (OS) was 7.6 years (95% CI 6.3-8.3) for 
immediate ADT arm and 6.1 years (95% CI 5.7-7.3) for delayed ADT arm. The 
intention to treat analysis showed a 22% relative increase in the risk of death. PCA- 


specific mortality at 10 years was 52.1 and 55.6% for immediate and delayed ADT 
arm, respectively. None of the results showed statistical significances [13]. There is 
still no clear evidence whether immediate ADT is better than delayed ADT or not for 
node-positive patients. 

The concept of definitive radiotherapy in node-positive PCA was largely derived 
from randomized studies for locally advanced or high-risk patients. Recently, two 
large randomized trials showed effectiveness of radiotherapy combined with ADT. 
Radiotherapy improved absolute survival by 8—10% and cancer-specific survival 
(CSS) by approximately 50% [14-16]. However, the trials didn’t fully examined 
nodal status and excluded node-positive patients if there was an evidence of LNI. To 
date, there is no randomized trial directly compared efficacy of definitive 
radiotherapy in node-positive patients. However, several studies supported the 
efficacy of radiotherapy. 

In a retrospective analysis of 225 patients with lymphadenectomy-proven LNI 
between 1984 and 1998, it compared ADT alone and ADT plus radiotherapy [17]. 
None of the patients received prostatectomy. ADT consisted of either orchiectomy or 
medical castration. Total radiation dose ranged from 60 to 78 Gy (median 68 Gy). 
With a median follow-up of 9.4 years, a 10-year OS was 46% for ADT alone and 
67% for ADT plus radiotherapy. The 10-year freedom from relapse or rising PSA 
rate and freedom from distant metastasis 25 and 56%, respectively, for ADT alone, 
and 80 and 85% for ADT and radiotherapy, respectively. ADT plus radiotherapy 
showed statistically significant outcomes in both univariate and multivariate 
analyses. 

Studies analyzing Surveillance, Epidemiology and End Results (SEER) data also 
showed a survival benefit from radiotherapy [18, 19]. Tward et al. analyzed 1100 
clinically node-positive patients diagnosed between 1988 and 2006. Most patients 
had clinically palpable PCA and high-grade tumors with Gleason scores of eight or 
higher. It compared radiotherapy (external beam radiotherapy with or without 
brachytherapy) and no radiotherapy of any kind. After median follow-up of 7.5 years, 
radiotherapy showed improved 5-year cancer-specific survival (CSS, 78.1% for 
radiotherapy and 71.1% for no radiotherapy, HR 0.66, 95% CI 0.54-0.82) and 5-year 
OS (67.8% for radiotherapy and 56.2% for no radiotherapy, HR 0.70, 95% CI 0.59- 
0.81) in both univariate and multivariate analysis [19]. Rusthoven et al. analyzed 
3787 patients with LNI diagnosed between 1995 and 2005. The study included both 
clinically and pathologically confirmed node-positive patients. Outcomes for 
clinically node-positive patients (796 patients) showed radiotherapy significantly 
improved 10-year OS (45% for radiotherapy and 29% for no radiotherapy, p < 0.001) 
and 10-year CSS (67% for radiotherapy and 53% for no radiotherapy, p < 0.001). 
Similar improvement for survival was also noted in pathologically node-positive 
patients (2991 patients) [18]. However, both reported SEER data analyses had some 
weaknesses for that no information on ADT was available. 


Lin et al. analyzed 3540 clinically node-positive patients diagnosed between 2004 
and 2011 from National Cancer Database (NCDB) of the United States [20]. Most 
patients had at least one high-risk feature, high Gleason scores [8—10], high PSA 
level (=20 ng/mL), or clinical stage T3 or T4. Among the patients, 32.2% of patients 
received ADT alone and 51.4% received ADT plus radiotherapy. Survival analyses 
were performed in 983 patients diagnosed between 2004 and 2006 to obtain 
sufficient follow-up time. Five-year OS was 49.4% for patients received ADT alone 
and 72.4% for patients received ADT plus radiotherapy (HR 0.51, 95% CI 0.40-0.65, 
p < 0.001). A decreased risk in ADT plus radiotherapy was also reproduced in 
propensity-matched cohort (HR 0.50, 95% CI 0.37—0.67, p < 0.001). 

Cohort study from control arms of the STAMPEDE trial described the impact of 
radiotherapy on survival by nodal involvement. The STAMPEDE trial is a multi-arm, 
multistage randomized clinical trial to test the addition of further treatment to ADT- 
based therapy. While control arm of the trial received various additional therapies, 
the control arm has consistently been use of long-term hormonal therapy with or 
without radiotherapy. Radiotherapy was delivered using intensity modulated 
radiotherapy or conformal radiotherapy technique. Recommended dose was 74 Gy in 
37 fractions or the equivalent dose using hypofractionated dose to prostate and 
seminal vesicles, with pelvic node dose of 46-50 Gy in 2-Gy fractions or equivalent. 
In 177 node-positive patients, 2-year failure-free survival was better with 
radiotherapy (81 vs. 53%, adjusted HR 0.48, 95% CI 0.29-0.79). Using the control 
arms of large prospective trial, the data were collected in a consistent, prospective 
fashion. However, there are still limitations, because radiotherapy was not 
randomized and the median follow-up time was too short; thus survival data are still 
immature [21]. 

Like addition of radiotherapy to ADT above, the addition of ADT to definitive 
radiotherapy is also based on the randomized studies for locally advanced or high- 
risk patients. Multiple randomized trials showed improved survival from addition of 
ADT to radiotherapy. Some of these trials didn’t include node-positive patients [22]. 
But other trials included some node-positive patients [23—25]. 

The Radiation Therapy Oncology Group (RTOG) 85-31 study was designed to 
evaluate the efficacy of ADT to definitive radiotherapy. The trial randomized 977 
patients with clinical stage T3 patients or those with LNI [25]. In a subgroup analysis 
of RTOG 85-31, authors evaluated efficacy of radiotherapy plus ADT for 173 
patients with clinically or pathologically proven node-positive PCA [26]. Among 
them, 21 patients in each arm received prostatectomy; thus 77 patients in immediate 
ADT arm and 54 patients in radiotherapy alone arm received definitive radiotherapy. 
For radiotherapy, the initial target volume including pelvic lymph nodes was to 
receive a total of 44-46 Gy with boost volume encompassing prostate with enough 
margins to receive up to 65—70 Gy. In median follow-up of 6.5 years, univariate 
analysis showed better biochemical control and distant control in immediate ADT 
plus radiotherapy arm for regardless of prostatectomy status. Although CSS and OS 


didn’t show statistical significance on univariate analysis, multivariate analysis after 
adjusting variables showed statistically significant benefit in all end points analyzed 
including OS (RR 1.62, p = 0.03) and CSS (RR 0.014, p = 0.014). Gleason score 8— 
10 was another factor that negatively impact on end points. 

Another randomized trial of Granfors et al. compared combination of 
radiotherapy and ADT to radiotherapy alone [27]. Authors randomized 91 patients 
who underwent surgical node staging without prostatectomy, and 43% of patients had 
LNI. ADT was achieved by orchiectomy in all patients. After relatively long-term 
follow-up times (mean 9.7 years in all patients, 16.5 years in survivors), radiotherapy 
plus ADT showed statistically significant improvement on OS (p = 0.03). Especially, 
this result was mainly due to lymph node-positive patients, because in subgroup 
analysis of node-positive patients had statistically better OS (p = 0.005), while 
subgroup of node-negative patients didn’t show any statistical differences. 

Although there is no randomized trial for definitive radiotherapy in node-positive 
patients, several studies consistently showed improved OS and CSS improvement 
compared to ADT only or conservative management only (Table 10.1). Based on 
many studies demonstrating a survival benefit of both adding radiotherapy to ADT 
and adding ADT to radiotherapy, implementation of radiotherapy as a part of 
locoregional treatment seemed to be reasonable to consider. Unlike distant metastatic 
disease, long-term survival can be achieved by using multimodality treatment. 
However, it should be noted that evidences are limited by their retrospective study. 
Current guidelines recommend either long-term ADT alone or long-term ADT plus 
definitive radiotherapy as treatment option in clinically or pathologically proven 
node-positive patients who didn’t receive prostatectomy [4]. 


Table 10.1 Studies of definitive treatment for node positive prostate cancer 


Outcomes 


Randomized Immediate |119 |13 Median 7.6 |NS (10-year) 

30846 [13] [trial ADT years 47.9% 
Delayed 115 Median 6.1 (10-year) 

ADT years 44.4% 


Zagars et al. |Retrospective ADT plus 72 19. (10-year) 0.008 
[17] eee 67% 
ADT alone (10-year) 
44% 


Tward et al. |Retrospective ADT plus ; (5-year) 
[19] (SEER data) radiotherapy 67.8% 


ADT alone |703 (5-year) 
56.2% 


Rusthoven et |Retrospective ; (10-year) <0.01 |(10-year) <0.01 
al. [18] (SEER data) i 45% 67% 


Median Outcomes 
follow- 


up 
(year) 


$ (5-year) <0.01 
radiotherapy 72.4% 
ADT alone (5-year) 
49.4% 


Cohort study ADT plus 97 |1.4 (2-year) 81% |SS 
radiotherapy 
T1-3, 
cN 


ADTalone [|80 (2-year) 53% 
Subgroup Radiotherapy |98 |6.5 (Multivariate |0.03 (Multivariate |0.014 
i +/pN+|plus ADT analysis) analysis) 
Radiotherapy |75 Favor Favor 
alone radiotherapy radiotherapy 
plus ADT plus ADT 


Granfors et Favor 0.005 
al. [27] 9.7 radiotherapy 
i plus ADT 


N number; OS overall survival; CSS cancer-specific survival; EORTC European 
Organization for Research and Treatment of Cancer; RTOG Radiation Therapy 
Oncology Group; SEER Surveillance, Epidemiology, and End Results; NCDB 
National Cancer Database; ADT androgen deprivation therapy; NS not significant; SS 
statistically significant 


10.3 The Role of Adjuvant Radiotherapy for Pathologically 


Node-Positive Patients After Prostatectomy 


The Eastern Cooperative Oncology Group (ECOG) 3886 trial randomized 98 patients 
who were proven LNI after prostatectomy and pelvic lymphadenectomy to 
immediate ADT or delayed ADT [28]. At median follow-up of 11.9 years, unlike the 
results of EORTC 30846 for node-positive patients who confirmed after 
lymphadenectomy without prostatectomy, the trial showed that immediate ADT 
resulted in statistically better OS (HR 1.84, 95% CI 1.01-3.35, p = 0.04), CSS (HR 
4.09, 95% CI 1.76-9.49, p = 0.0004), and progression-free survival (HR 3.42, 95% 
CI 1.96-5.98, p < 0.0001). According to the authors’ opinion, ADT is most effective 
in prostatectomy patients, but not in patients without prostatectomy due to larger 
quantities of tumor burden. To date, ECOG 3886 trial provides the only level 1 
evidence for adjuvant treatment for pathologically positive lymph node patients after 
prostatectomy and lymphadenectomy [11]. 


Several randomized studies demonstrated survival benefit of adjuvant 
radiotherapy after radical prostatectomy for patients with locally advanced PCA such 
as pT3 disease or positive resection margins [29—31]. Although the studies showed 
that maximizing local control resulted better outcomes, the studies didn’t include 
node-positive patients. RTOG 96-08 study was the only randomized trial to attempt 
to demonstrate the advantage of radiotherapy for node-positive patients, but the study 
was Closed prematurely because of poor accrual. No randomized or prospective 
results for node-positive patients are published, but several retrospective studies tried 
to demonstrate the efficacy of adjuvant radiotherapy. 

Briganti et al. reported the impact of adjuvant radiotherapy and ADT for 
pathologically node-positive patients [32]. They analyzed 364 patients who 
undergone radical prostatectomy and pelvic lymphadenectomy between 1988 and 
2003. All patients received ADT via orchiectomy, or LHRH agonist and radiotherapy 
were treated in 117 patients. In most cases (85%), radiotherapy consisted of a four- 
field whole pelvis irradiation to a median dose of 50.4 Gy (range 45—50.4), followed 
by boost to prostatic bed up to a median dose of 68.4 Gy (range 55.8—72). After a 
median follow-up of 95.1 months, patients treated with adjuvant radiotherapy showed 
significantly higher CSS (at 8-year 91 vs. 78%, p = 0.004) and OS (at 8-year 84 vs. 
65%, p < 0.001) compared with patients treated with ADT alone. Subgroup analysis 
showed comparably improved survival for patients with two or fewer positive pelvic 
nodes as well as patient with more than two positive nodes. 

Similar study by Abdollah et al. was published in 2014 [33]. The study included 
1107 patients between 1988 and 2010 with pathologically LNI who are treated with 
prostatectomy and extended pelvic lymphadenectomy followed by ADT. Among 
them, 386 patients received adjuvant radiotherapy. Authors identified four variables 
(number of positive nodes, pathologic Gleason score, tumor stage, and surgical 
margin status) to stratify patients according to their CSS risk. On the basis of these 
variables, the patients were stratified into five risk groups: very low risk (<2 positive 
nodes and Gleason score 2—6), low risk (<2 positive nodes, Gleason score 7—10, 
pT2/pT3a stage, and negative surgical margins), intermediate risk (<2 positive nodes, 
Gleason score 7—10, and pT3b/pT4 stage or positive surgical margins), high risk (3-4 
positive nodes), and very high risk (>4 positive nodes). 

After a median follow-up of 7.1 years, adjuvant radiotherapy was associated with 
improved CSS in intermediate risk (at 8-year, 93.1 vs. 84.2%, p = 0.03) and high risk 
(at 8-year, 96.5 vs. 78.8%, p = 0.02) groups. This result was also confirmed at 
multivariate analysis. In all other risk groups (very low, low, and very high risk), 
adjuvant radiotherapy didn’t improve survival significantly. Similar findings were 
observed for OS. Authors also confirmed their findings via external validation using 
3158 patients of SEER data. The study demonstrated that pathologically node- 
positive patients should not be considered as a single risk category. And clinicians 
always consider other characteristics of node-positive patients and decided who may 
benefit from radiotherapy. 


Patients’ data from the NCDB had recently been published [34]. Inclusion criteria 
were adenocarcinoma histology, pathologically LNI, and receipt of radical 
prostatectomy plus subsequent adjuvant ADT. 2569 patients with node-positive 
patients between 2003 and 2011 were identified, and 906 of them (35.3%) received 
adjuvant radiotherapy. Radiotherapy showed improved 5-year OS (87 vs. 82%, p = 
0.007). After propensity matching, adjuvant radiotherapy still showed improved 5- 
year OS (88 vs. 81%, p = 0.004), with an HR of 1.43 (95% CI 1.10—1.86). Adjuvant 
radiotherapy showed improved OS across all strata in tested variables (PSA, Gleason 
score, surgical margin status, lymph node ratio, and number of lymph node examined 
and involved). 

In contrast to aforementioned studies, SEER data analysis by Kaplan et al. didn’t 
show a benefit from adjuvant radiotherapy [35]. Authors included 577 pathologically 
node-positive patients between 1995 and 2007. Adjuvant radiotherapy is defined as 
receipt of radiotherapy within 1 year of surgery. After propensity matching by age, 
comorbidities, Gleason score, pathologic T stage, PSA level, and number of positive 
nodes, adjuvant radiotherapy was not associated with OS (5.09 vs. 3.77 events per 
100 person-years, p = 0.153) or CSS (2.89 vs. 1.31, p = 0.090). Another SEER data 
analysis by Rusthoven et al. also showed no statistically significant OS at both 
univariate and multivariate analysis [36]. But on analyses by identical risk 
stratification of Abdollah et al., adjuvant radiotherapy showed improved OS for 
intermediate-risk patients (<2 positive nodes, Gleason score 7—10, and pT3b/pT4 
stage or positive surgical margins). However, unlike the results of Abdollah et al., 
adjuvant radiotherapy didn’t show benefit for high-risk patients. 

Up to date, several confounding retrospective results show survival benefit of 
adjuvant radiotherapy, but negative results also exist (Table 10.2). Although ADT is 
the only level 1 treatment guideline for adjuvant therapy in pathologically node- 
positive patients, further extensive locoregional therapy is needed to overcome 
aggressive tumor burden in selected patients. Clinical trials are needed to verify the 
efficacy of adjuvant radiotherapy and to find proper indication for adjuvant 
radiotherapy. 


Table 10.2 Studies of adjuvant treatment after prostatectomy for node-positive prostate cancer 


Os Statistic|\CSS Statistic 
Median 0.04 Not 0.0004 
13.9 years reached 


Inclusion Arms 


median median 
11.3 years 12.3 
years 
(8-year) <0.001 |(8-year) |0.004 
84% 91% 
(8-year) (8-year) 
65% 78% 


Author/study Study type Inclusion Arms N 
name criteria 

Abdollah et |Retrospective |pT2-4 |ADT plus (386 
al. [33] N radiotherapy 


Statistic Statistic 


(8-year) <0.001 |(8-year) (0.080 
87.6% 92.4% 


(8-year) (8-year) 
75.1% 86.2% 


ADT alone 


+ 
+ 


ADT alone |1663 


Jegadeesh et |Retrospective |pT2-4 |ADT plus 4.4 (5-year) 
; (from NCDB) |N radiotherapy 87% 


Kaplan et al. |Retrospective |pT2-4 |ADT plus 5.09 events |0.153 0.090 
[35] (from SEER |N+ radiotherapy 
data) person- 
years 
ADT alone 3.77 events 
per 100 
person- 
years 


N number; OS overall survival; CSS cancer-specific survival; ECOG Eastern 
Cooperative Oncology Group; NCDB National Cancer Database; SEER Surveillance, 
Epidemiology, and End Results; ADT androgen deprivation therapy 


10.4 Summary 


In PCA patients, once regional LNI are found, PCA is categorized as stage IV. 
However, unlike distant metastatic disease, patients with regional LNI can be curable 
with multimodality therapy [11]. For definitive treatment, several retrospective 
studies, population-based analyses, and subgroup analyses of randomized trials 
showed that radiotherapy plus ADT improved survival outcomes compared with 
ADT alone or radiotherapy alone. Although no clinical trials have directly studied 
efficacy of radiotherapy for node-positive patients, current guidelines recommend 
either 2-3 years of ADT with radiotherapy or long-term ADT alone [4]. For adjuvant 
treatment after prostatectomy, the only level 1 evidence for adjuvant therapy is from 
ECOG 3886 study supporting immediate adjuvant ADT. Although several 
retrospective studies showed survival benefit adding radiotherapy to ADT, 
population-based study showed confounding outcomes. Current guidelines 
recommend either adjuvant ADT with/without adjuvant radiotherapy or observation 


[4]. 
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11.1 Introduction 


It has been considered that metastatic prostate cancer is incurable and is solely managed 
by systemic therapy like androgen deprivation therapy (ADT). Like in other cancers, 
evidences prevailed that prostate cancer patients with “oligometastases,” which refer to 
small number of metastases, have a better outcome than those with extensive metastases 
[1-3]. Oligometastatic prostate cancer has a favorable prognosis with a median survival 
over 6 years [2, 3]. Oligometastasis refers to a state where metastases are limited in 
number and destination organ site. According to the recent expert panel consensus 
conference which was held in St Gallen, 85% of the panel agreed that the presence of 
three or fewer synchronous metastases is the most meaningful definition of 
oligometastatic prostate cancer [4]. Hopefully, a genomic definition of oligometastatic 
prostate cancer will prevail, but until that time, these radiographic definitions are 
reasonable. Patients with oligometastatic prostate cancer are an ideal target for local 
therapy such as stereotactic body radiotherapy (SBRT). Moreover, SBRT can defer 
ADT, which is the current backbone of treatment but can be harmful on patient’s quality 
of life. 

Imaging studies are critical in assessing the presence of metastatic tumor before 
treatment. Although significant development has been made in imaging techniques, its 
diagnostic capability for detecting metastasis is limited. It has been recognized that 
conventional imaging tools like computed tomography (CT) and/or bone scintigraphy 
have low sensitivity and accuracy to detect limited metastases. New imaging tools also 
have poor sensitivities for detecting metastases in prostate cancer, even with the 


multiparametric magnetic resonance imaging and/or positron emission tomography 
(PET)/CT with 11C- or 18F-labelled choline derivatives [5-7]. Recently, a meta- 
analysis indicates favorable sensitivity and specificity profiles with PET of 68Ga- 
labelled prostate-specific membrane antigen compared to choline-based PET [8]. 


11.2 Metastasis-Directed Radiation Therapy 


A systematic review of the literature by Ost et al. [1] evaluated the impact of 
metastasis-directed local therapy (either radiation therapy or lymph node dissection) in 
the event of regional or distant recurrences following curative therapy. This review 
included retrospective studies reporting on a total of 450 patients with oligometastatic 
prostate cancer. Fifty-one percent of patients were progression-free 1—3 years after 
metastasis-directed local therapy, with most of them receiving adjuvant ADT. A 
summary of the selected retrospective studies using radiation therapy as a type of 
metastasis-directed radiation therapy is shown in Table 11.1 [9—19]. Radiation doses as 
well as fractionation schedules used were heterogeneous between and within the 
studies. The series by Schick et al. [13] analyzed 50 patients affected by oligometastatic 
prostate cancer. Subset of 26 patients received whole-pelvis radiotherapy (50.4 Gy) 
with a boost (total median dose 65 Gy) to the choline-PET-positive nodes, in addition to 
limited ADT (median 12 months). After a median follow-up of 31 months, the 3-year 
clinical failure-free survival and overall survival (OS) rates were 59 and 92%, 
respectively. A normalized total dose higher than 64 Gy was the only significant factor 
for better prognosis. 


Table 11.1 Studies of metastasis-directed radiation therapy in patients with oligometastatic prostate cancer 


Metastatic sites i Staging Details of | No.of (Median (Outcomes No. of 
treated: method radiation patients follow- 


25/0/0 . Choline |SBRT (3 x 
PET/CT |10 Gy) 


25 
Muacevic et |40 0/40/0 5.4 Choline |SBRT (1 x |27 10 
; PET/CT |16.5-22 Gy) 
19 


Jereczek- 16/1/2 : Choline |SBRT (3 x 
Fossa et al. PET/CT |11—12 Gy) 
(2012) [11] ; 


Decaestecker |50 


Metastatic sites 
treated: 


1/15/1 


33/15/2 


27/22/1 


Staging 
method 


Choline 
or 
acetate 
PET/CT 
or bone 
scan 


Choline 
or FDG 
PET/CT 


Details of 
radiation 
therapy 


SBRT (1 x 
8-24 Gy; 5 


conventional 
fractions); 
IMRT (28- 
36 Gy in 5- 
6 fractions) 
SBRT (3 x 
10 Gy; 5 x 
10 Gy) 


No. of Median Outcomes No. of 


patients follow- 


30/0/0 


6/74/1 


Choline 
PET/CT 


SBRT (3 x 
9-12 Gy; 1 


SBRT (1 x 
16-24 Gy; 3 
x 10 Gy; 5 x 
10 Gy) 


17/14/0 


40/0/0 


Choline 
PET/CT 


Choline 
PET/CT 


SBRT (1 x 


SBRT (5 x 
6-10 Gy) 


1 
(acute); 
1 (late) 


Metastatic sites i Staging Details of | No.of Median (Outcomes No. of 
treated: method radiation patients follow- 


72/0/0 


LC 96% 


PSA prostate-specific antigen, ADT androgen-deprivation therapy, PET/CT positron 
emission tomography with coregistered computed tomography, SBRT stereotactic body 
radiotherapy, PFS progression-free survival, OS overall survival, LC local control, 3D- 
CRT 3D-conformal radiotherapy, IMRT intensity modulated radiotherapy, FDG 
fluorodeoxyglucose, NR not reported 


SBRT is emerging as an appropriate treatment option in patients with 
oligometastatic prostate cancer. Figure 11.1 illustrates a case of oligometastases who 
underwent SBRT. In a retrospective study by Muldermans et al., 66 patients with 81 
metastatic lesions (74 bone, 6 lymph nodes, and 1 liver) underwent SBRT [16]. At the 
time of the treatment, 62% of patients were castrate resistant. Most common regimen of 
SBRT was one fraction of a median dose of 16 Gy (range, 16—24 Gy) to 71 lesions 
(88%). The regimen of 30 Gy in three fractions (n = 6) or 50 Gy in five fractions (n = 4) 
was also used. Follow-up duration was 16 months (range, 3—49 months). Two-year 
local control of metastatic lesion was 82%. OS and distant progression-free survival 
were 83 and 45%, respectively. The dose of SBRT was the only significant factor for 
local control by multivariate analysis. Recently, Ponti et al. [20] performed a systematic 
review to assess outcomes and toxicity of SBRT for patients affected by oligorecurrent 
prostate cancer limited to lymph nodes. A total of 363 patients from nine studies were 
collected. Median follow-up was 19.2 months. Local control rate was 98%. Median 
progression-free survival was 22.5 months (range, 11-30 months). Acute and/or late 
grade two or higher toxicity was reported in only 5.6% of patients, and no patient 
developed grade four toxicity. 


Fig. 11.1 A case of 69-year old man who presented with pelvic pain. Bony oligometastases were detected involving 
the T-spine and sacrum. Metastatic tumor at sacrum on PET/CT (red arrow) received a dose of 30 Gy in 3 fractions 
with SBRT. Decreased FDG uptake on PET/CT (blue arrow) in sacrum is observed at 2 month after SBRT 


As reviewed, only small retrospective studies suggest that metastasis-directed 
radiation therapy provides excellent local control and carries a low risk of adverse 
events. There are several ongoing clinical trials assessing the role of metastasis-directed 
radiation therapy in oligometastatic prostate cancer. Results from these ongoing 
prospective trials will help elucidate the role of radiation therapy in this setting [21-23]. 
The OLIGOPELVIS-—GETUG P07 (NCT02274779) is a multicenter phase II trial to 
assess the 2-year relapse-free survival in patients with oligometastases treated 
concurrently with high-dose IMRT (66 Gy to the lymph nodes and 54 Gy to whole 
pelvis) and ADT for 6 months [21]. The STOMP study (NCT01558427) assesses the 
impact of metastasis-directed therapy (surgery or SBRT) on the initiation of palliative 
treatment with ADT compared to patients undergoing active surveillance [22]. ADT 
will be started in both arms at time of local progression, higher than three metastatic 
lesions, or developed symptoms. The primary endpoint of the study is ADT-free 
survival. The conventional care or radioablation in the treatment of extracranial 
metastases trial (NCT02759783) is examining whether the addition of SBRT to 
oligometastases can improve progression-free survival compared to current standard of 
care [23]. 


11.3 Prostate-Directed Radiation Therapy 


Because advances in systemic therapy have improved the control of distant metastases 
and prolonged survival, local treatment for the primary tumor becomes more important, 
especially in cancers with relatively long natural histories. In metastatic prostate cancer, 
primary site treatment may not only reduce urologic symptoms but also slow the 
metastatic progression, as it may reduce the seeding from the primary site or alter the 
microenvironment and thus minimize the formation of new metastatic sites. 

Culp et al. [24] suggested a survival benefit of local treatment of the prostate in 
patients with metastatic prostate cancer by using the data from public access 
Surveillance, Epidemiology, and End Results (SEER) registry. Among 8185 patients 
identified, 245 patients received radical prostatectomy (RP), 129 patients received 
brachytherapy, and 7811 patients were not treated with local therapy. The 5-year OS 
rate and cancer-specific survival (CSS) rate were higher in patients treated with RP (67 
and 76%, respectively) or brachytherapy (53 and 61%, respectively) than in patients 
without local therapy (23 and 49%, respectively). Leyh-Bannurah et al. [25] suggested 
that patients who were treated with RP had better survival than those with radiotherapy 
using the SEER database from 2004 to 2013. However, this study had no access to 
radiotherapy doses, and it is likely that a substantial proportion of patients in the 
radiotherapy group received low-dose palliative radiotherapy. Using the SEER- 
Medicare linked database from 2004 to 2009, Satkunasivam et al. [26] were able to 
evaluate CSS rates of 47 patients treated with RP and 88 patients treated with intensity- 
modulated radiotherapy (IMRT) or 107 three-dimensional conformal radiotherapy (3D- 
CRT). They found that local therapy with IMRT or RP but not with 3D-CRT was 
associated with an improved survival. The adjusted cancer-specific mortality rate was 
52 and 62% lower [hazard ratio (HR) 0.48 and HR 0.38] in patients treated with RP and 
IMRT, respectively, compared to no local therapy. Rusthoven et al. [27] have used the 
National Cancer Database (NCDB) to evaluate the impact of radiotherapy on OS of 
patients with metastatic prostate cancer. The treatment information of NCDB contains 
data not available in the SEER database, including detailed information of radiation 
therapy regarding treatment intent, treatment site, radiation dose, and receipt of ADT. 
The study included 6382 men treated with ADT, of whom 538 (8.4%) received 
radiotherapy to prostate. With a median follow-up of 5.1 years, OS was improved in 
men who received radiotherapy plus ADT versus those who received ADT alone (HR 
0.624; 95% CI 0.551—0.706). A propensity analysis that made adjustments for clinically 
relevant factors such as age, race, comorbidities, prostate-specific antigen level, and 
Gleason score showed that RT was associated with an 18-month improvement in 
median OS (55 vs. 37 months) and a 16% improvement in 5-year OS (49 vs. 33%). 
They also compared the survival outcomes for patients treated with therapeutic dose 
radiotherapy (265 Gy) with ADT versus RP with ADT and demonstrated no significant 
differences in OS. Outcomes of these population-based studies are summarized in Table 
11.2. However, readers should interpret these population-based analyses with caution, 
these studies all have the same potential inherent biases. There is no available data in 


these registries describing patient comorbidities, performance status, and extent of 
metastatic disease. Unbalanced patient and disease characteristics between comparison 
groups can explain much of the survival differences seen. 


Table 11.2 Population-based studies of prostate-directed radiation therapy in patients with oligometastatic prostate 
cancer 


No. of Type of local Median 5-year Multivariable 
identified treatment (n) follow-up (overall 
(month) survival 


SEER, RP (245) 
2004-2010 Brachytherapy 
(129) 
NLT (7811) 


RP (47) 
Medicare, IMRT (88) 
2004-2009 3D-CRT (107) 


NLT (3827) 


ADT plus RT 
(538) 

ADT alone 
(5844) 

RP (313) 0.35 (0.26-0.46, p < 
RT (161) 0.001) 


NLT (13218) 0.48 (0.35-0.66, p < 
0.001) 


Reference 


HR hazard ratio, CI confidence interval, CSM cancer-specific mortality, SEER 
Surveillance, epidemiology, and end results, RP radical prostatectomy, NLT no local 
treatment, IMRT intensity modulated radiotherapy, 3D-CRT 3D Conformal 
radiotherapy, NCDB National Cancer Data Base, ADT androgen-deprivation therapy, 
RT radiotherapy, NR not reported 

aAt 3-year result 

>For overall survival 


Several clinical trials are ongoing to investigate the survival impact of prostate- 
directed radiotherapy in addition to ADT (NCT00268476; NCT01957436; 
ISRCTN06890529) or local therapy (radiotherapy or surgery) in addition to best 
systemic therapy (NCT01751438) for patients with metastatic prostate cancer. Surgical 
trials in the oligometastatic bone setting are also being conducted (NCT02454543; 
ISRCTN15704862). Results from these ongoing clinical trials will help elucidate the 
role for prostate-directed radiation therapy in the setting of oligometastatic prostate 


cancer. For now, efforts to provide local control should be limited to patients entering a 
clinical trial or those with local symptoms that warrant additional therapeutic 
intervention. 


11.4 Palliative Radiotherapy 


Radiotherapy is an effective treatment to palliate symptoms caused by prostate cancer. 
External beam radiotherapy (EBRT) has been recognized as effective palliative tool for 
metastatic bone lesions. Most commonly used schedules for palliating bone metastases 
are reported as 30 Gy in ten fractions, 20 Gy in five fractions, and 8 Gy in a single 
fraction. Chow et al. [28] conducted a meta-analysis of 19 studies which compared 
conventional multiple fractionated radiotherapy with a single-fraction radiotherapy for 
initial treatment of bone metastases for various sites of cancers, including prostate 
cancer. The results showed similar response of relieved symptoms and rates of 
pathologic fracture and spinal cord compression. When deciding on the appropriate 
radiation treatment schedule for patients with long life expectancy, the durability of 
radiation treatment effect is one of the important considerations. If a single radiation 
dose is used, re-irradiation of the same metastatic lesion is 2.5 more likely. The reason 
as to what is causing the higher re-irradiation rate is unclear; it may be due to the 
decreased durability of treatment effect or radiation oncologist’s willingness to re- 
irradiate following a single dose. According to a recent SEER-Medicare analysis of 
3050 patients who were treated for bone metastases between 2006 and 2009, only 3% 
of patients were treated with a single fraction, while 50% received more than ten [29]. 

For multiple bone metastases, systemic radiopharmaceuticals can reduce pain, and 
the improved survival benefit of radium-223 was proved in randomized controlled trials 
[30]. Although bone metastases are the most common cause of morbidity in patients 
with castration-resistant prostate cancer, pelvic symptoms can also be developed. 
Hematuria, bladder outlet obstruction, ureteral obstruction, pelvic pain, and rectal 
obstruction can be improved with palliative EBRT. 


11.5 Summary 


Based on the small retrospective studies, metastasis-directed radiation therapy, such as 
SBRT, is associated with minimal toxicity and provides excellent local control for 
oligometastatic prostate cancer. The survival benefit of prostate-directed radiation 
therapy was suggested in population-based studies. Clinical trials evaluating the role of 
radiation therapy in the oligometastatic setting are ongoing. Although radiation therapy 
for oligometastatic setting is promising, it should be validated in randomized controlled 
trials. 
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12.1 Introduction 


Although radical prostatectomy (RP) provides excellent cancer control, tumor 
recurrence occurred in approximately 15—40% of patients within 5 years usually with 
elevated prostate-specific antigen (PSA) level [1, 2]. Postoperative radiation therapy is 
recommended for patients with adverse risk factors after complete surgical resection, 
subclinical disease detected by elevated postoperative serum PSA, or clinical tumor 
recurrence in prostatic fossa. 

Postoperative radiation therapy (RT) includes adjuvant radiation therapy (ART) 
and salvage radiation therapy (SRT). ART is administered to the prostate bed with or 
without prophylactic pelvic lymph node in patients without evidence of recurrence 
(detectable PSA level, clinical evidence of local or distant recurrence). Salvage RT is 
given to patients with any evidence of residual or recurrent disease including 
biochemical failure [3]. 


12.2 Adjuvant Radiation Therapy 


The rationale for ART is based on three randomized trials (Table 12.1). Southwest 
Oncology Group (SWOG) trial 8794 [4, 10] was conducted among patients with 
pT3N0 prostate cancer if they had risk factors of recurrence such as positive surgical 
margin (PSM), extraprostatic extension (EPE), and seminal vesicle invasion (SVT). A 
total of 425 patients were randomized into ART group with 60—64 Gy or observation 
group. ART group showed better 10-year metastasis-free survival (71 vs. 61%; HR, 
0.71; 95% CI, 0.54—0.94; p = 0.016) and overall survival (74 vs. 66%; HR, 0.72; 95% 
CI, 0.55-0.96; p = 0.023). ART extended median survival duration by nearly 2 years. 


Table 12.1 Clinical trials of adjuvant radiation therapy after radical prostatectomy 


Trial AccrualInclusion Patients Group 
criteria 
SWOG |1988- |pT3NOMO|425 ART (n= 
8794 1997 i : 214) 
[4, 5] , ; 
Observation 
(n =211) 


ART (n= 
502) f f Í patients 
with 


Observation ‘’ |detectable 


(n = 503) 


size to 
address 
survival 


PSA prostate-specific antigen, PFS progression-free survival, OS overall survival, 
EPE extraprostatic extension, SVI seminal vesicle invasion, PSM positive surgical 
margin, ART adjuvant radiation therapy, NR not reported, NS nonspecific 
aStatistically significant improvement with adjuvant RT 

PBenefit restricted to younger patients 

“Benefit restricted to patients with PSM 


European Organisation for Research and Treatment of Cancer (EORTC) trial 
22911 [6, 7] evaluated biochemical progression-free survival of 1005 pT2-3NO0 
prostate cancer patients who had same risk factors as those of SWOG 8794 [4, 10]. 
Eligible patients were randomly assigned to ART group (60 Gy of conventional 
irradiation to the surgical bed for 6 weeks, n = 502) or observation group (n = 503) 
until biochemical progression. ART significantly improved 10-year biochemical 
failure-free survival (60.6 vs. 41.4%; HR, 0.49; 95% CI, 0.41-0.59; p < 0.0001) and 
locoregional control rate (92.7 vs. 83.4%; HR, 0.45; 95% CI, 0.32—0.68; p < 0.0001) 


at median follow-up of 10.6 years. However, overall, clinical progression-free or 
metastasis-free survival did not show significant differences between the two groups. 

German Cancer Society Arbeitsgemeinschaft Radiologische Onkologie (ARO) 
trial 9602 [8, 9] was the only trial that did not include patients with detectable PSA 
level, contrary to SWOG 8794 (34%) and EORTC 22911 (29%) trials. A total of 307 
patients with pT3-4N0 prostate cancer were randomized to 60Gy ART group or 
observation group. Primary endpoint of that study was progression-free survival. 
Definition of progression included biochemical failure, local or distant clinical 
recurrence, or death from any cause. ART improved 10-year progression-free survival 
(57 vs. 27%; HR, 0.49; 95% CI, 0.35-0.67; p < 0.0001) in patients with PSM. 
Otherwise, ART showed no benefit for overall or metastasis-free survival. 

Meta-analysis of these three randomized trials has been reported by Daly et al. 
[11]. ART improved 10-year overall survival (risk difference (RD), —0.11; 95% CI, 
—0.20 to —0.02), biochemical progression-free survival (RD, —0.29; 95% CI, —0.39 to 
—0.19), local control (RD, —0.14; 95% CI, —0.21 to —0.07), and metastatic-free 
survival (RD, —0.11; 95% CI, -0.20 to -0.01). However, this meta-analysis did not 
include 10 years of follow-up of ARO or EORTC trial. Shaikh et al. have reported 
another meta-analysis [12]. ART resulted in better 10-year biochemical progression- 
free survival (HR, 0.48; 95% CI, 0.42—0.55; p < 0.00001) and clinical progression- 
free survival (HR, 0.73; 95% CI, 0.62—0.87; p = 0.0003). Metastasis-free survival was 
significantly improved in ART group (OR, 0.77; 95% CI, 0.62—0.96; p = 0.02). 
However, ART showed no benefit for overall survival (HR, 0.97; 95% CI, 0.79-1.14; 
p = 0.89). 

In summary, ART after RP reduced biochemical failure and locoregional or 
clinical progression in patients with adverse pathologic features including PSM, EPE, 
and SVI. ART reduced approximately 50—60% of the risk of biochemical failure. 
However, its impact on metastases or overall survival is uncertain. 

There is no optimal timing for ART. In clinical practice, ART is usually 
administrated within 4 months after RT, after urinary incontinence cause by the 
surgery has resolved because of the potential to deter recovery. In the three 
randomized clinical trials, ART was administrated within 3—6 months after RP [4, 6— 
10]. 

The radiation dose for ART is also unclear. Higher dose increases not only tumor 
control rate but also the toxicity. In practice, 65—70.2 Gy is delivered at most 
institutions. In some reports, with the conformal radiation therapy, doses of more than 
70.2 Gy improved biochemical control without increasing toxicity [13-15]. 


12.3 Salvage Radiation Therapy 

Prostate-specific antigen is a very sensitive tumor marker for recurrence of prostate 
cancer. PSA should be undetectable at 4 weeks after RP considering its half-life. Rise 
of PSA is usually detected before detecting clinical disease progression. This is called 


biochemical failure or recurrence. AUA/ASTRO Guideline 2013 has suggested the 
definition of biochemical recurrence to be detectable or rising PSA value after surgery 
of >0.2 ng/mL with a second confirmatory level >0.2 ng/mL [5]. In case of 
biochemical recurrence, SRT should be recommended because biochemical recurrence 
is associated with increased metastasis or death from prostate cancer [16, 17]. 

Although no randomized trial has been conducted to evaluate the effect of salvage 
radiotherapy, there were patients with detectable PSA levels after RT in two trials. In 
SWOG 8794, SRT showed significant reduction of metastatic recurrence in the 
patients with detectable PSA level after RP [10]. In EORTC 22911, SRT showed 
significant reduction of biochemical failure risk in the patients with detectable PSA 
level after RP. SRT also reduced the clinical progression rate in this group, which did 
not reach statistical significance [6]. 

There are several retrospective studies which support the efficacy of SRT in the 
patients with detectable PSA or local recurrence after RT. At a median of 9 years after 
RP, SRT significantly increased the prostate cancer-specific survival rate compared to 
the group without salvage treatment (22 vs. 11%; HR, 0.32; 95% CI, 0.19-0.54; p < 
0.001) [18]. Boorjian et al. [19] have reported that salvage radiotherapy can decrease 
the risk of local recurrence (HR, 0.13; 95% CI, 0.06—0.28; p < 0.001). It can also 
delay androgen deprivation therapy (ADT, HR, 0.81; 95% CI, 0.71-0.93; p = 0.003) 
and systemic progression (HR, 0.24; 95% CI, 0.13—0.45; p < 0.001). However, it has 
no significant (p = 0.48) effect on mortality at a median follow-up of 11.5 years after 
RP. Cotter et al. [20] have reported that SRT can improve overall survival of patients 
with biochemical recurrence after RP. 

Stephenson et al. [21] have evaluated oncologic outcome and risk factors in 1540 
patients who received SRT after RP. At a median follow-up duration of 53 months 
after completion of SRT, 866 patients experienced disease progression. The 6-year 
progression-free probability after SRT was 32% (95% CI, 28-35%). Risk factors for 
progression-free survival were PSA level before SRT (p < 0.001), Gleason grade after 
RP (p < 0.001), PSADT (p < 0.001), resection margins (p < 0.001), ADT administered 
before or during SRT (p < 0.001), and lymph node involvement (p = 0 0.019). With 
these significant risk factors and previously known factors, they have proposed a 
pretreatment nomogram to predict 6-year progression-free probability after SRT (Fig. 
12.1). 
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Fig. 12.1 Pretreatment nomogram predicting 6-year progression-free probability after salvage radiotherapy for 
prostate-specific antigen (PSA) recurrence after radical prostatectomy. Figures from Stephenson AJ, et al.: 
Predicting the outcome of salvage radiation therapy for recurrent prostate cancer after radical prostatectomy [21]. 
Instructions: Locate the patient’s Gleason score on the respective axis. Draw a straight line up to the points axis to 
determine how many points toward disease recurrence that the patient receives for his or her Gleason score. Repeat 


this process for the other ten disease and treatment parameters. Sum the points and locate this number on the total 
points axis. Draw a straight line down to find the patient’s probability of remaining free of disease progression at 6 
years after salvage radiotherapy, provided the patient does not die of another cause first 


King [22] has conducted a systemic review for 5587 SRT patients from 41 studies. 
RFS decreased by approximately 2.6% per each 0.1 ng/mL of PSA increase at the 
time of SRT (95% CI, 2.2-3.1; Fig. 12.2). Therefore, he concluded that SRT should be 
initiated at the lowest possible PSA level. 
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Fig. 12.2 Relapse-free survival vs. PSA level before salvage radiotherapy. Figure from Christopher R. King: The 
Timing of Salvage Radiotherapy After Radical Prostatectomy: A Systematic Review [22] 


Though there was no prospective trial for optimal dose of SRT, high dose over 
65Gy seemed to improve tumor control based on reduction in biochemical 
progression without severe toxicity increase. King [23] has conducted a meta-analysis 
of dose-response correlation after including 10,034 patients from 71 studies. The 
dose-response showed a sigmoid curve (p = 0.0001), and TCD50 was 65.8Gy. 
Recurrence-free survival was 58.4 vs. 38.5% at dose of 70Gy and 60Gy, respectively 
(Fig. 12.3). RFS was improved by 2.0% for each Gy (95% CI, 1.1-3.2). 
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Fig. 12.3 PSA relapse-free survival vs. SRT dose for all eligible salvage RT studies. Data from Christopher R. 
King: The dose-response of salvage radiotherapy following radical prostatectomy: A systematic review and meta- 
analysis [23] 


The need for elective pelvic lymph node irradiation is another concern. Spiotto et 
al. [24] have evaluated 160 patients who received RP and SRT. In that study, 72 
patients received elective pelvic irradiation, while 42 did not. Pelvic RT resulted in 
superior 5-year biochemical recurrence-free survival in patients with high-risk factors 
(47 vs. 21%; p = 0.008), including Gleason score > 8, preoperative PSA level >20 
ng/mL, prostatic capsule involvement, SVI, or pathologic lymph node metastasis. 
Moghanaki et al. [25] have performed a retrospective study to compare biochemical 
progression-free survival after SRT between whole pelvic irradiation (n = 112) and 
prostate bed only irradiation (n = 135). At a median follow-up of 4 years, elective 
pelvic irradiation did not increase biochemical progression-free survival for all 
patients. However, it did improve biochemical progression-free survival for patients 
with high pre-SRT PSA levels >0.4 ng/mL (adjusted HR, 0.47; 95% CI, 0.236—0.935; 
p = 0.031). 


12.4 Androgen Deprivation Therapy with Salvage Radiation 


Therapy 


Applying ADT to SRT is supported by two RCT. Radiation therapy oncology group 
(RTOG) 9601 [26] is a randomized, double-blind, and placebo-controlled trial that 
evaluates whether the addition of ADT for 24 months during and after SRT could 
prolong overall survival compared to radiation therapy plus placebo. They enrolled 
771 patients with prostate cancer whose PSA level was increased to 0.2—-4.0 ng/mL at 
least 8 weeks after surgery. Patients were randomly assigned to SRT with 64.8Gy in 
36 fractions or SRT with long-term ADT. Bicalutamide was administrated 150 mg 
daily for 2 years in ADT arm. At follow-up of 13 years, ADT arm showed better 12- 
year overall survival (76.3 vs. 71.3%; HR, 0.77; 95% CI, 0.59-0.99; p = 0.04), 
mortality rate from prostate cancer (5.8 vs. 13.4%; p < 0.001), and metastasis rate 
(14.5 vs. 23.0%; p = 0.005). The incidence of late complications induced by radiation 
therapy was similar in both groups. However, the incidence of gynecomastia was 
increased in ADT arm (69.7 vs. 10.9%; p < 0.001). Since RTOG 9601 trial was 
conducted in 1998, high-dose bicalutamide was used as ADT. Since then, it has been 
superseded by gonadotropin-releasing hormone (GnRH) agonists. ART with GnRH 
agonist was investigated in GETUG-AFU 16 phase III trial after enrolling 743 
prostate cancer patients with biochemical failure (rising of PSA by 0.2-2.0 ug/L) after 
RP [27]. Enrolled patients were randomly assigned to standard SRT of 66 Gy in 33 
fractions arm or SRT with short-term ADT arm. As an ADT, goserelin was 
subcutaneously injected on the first day of radiation therapy and 3 months later. 
Addition of ADT increased 5-year progression-free survival (80 vs. 62%; HR, 0.50; 
95% CI, 0.38—0.66; p < 0.0001) without increasing complications. Ongoing 
RADICALS (Radiotherapy and Androgen Deprivation in Combination After Local 
Surgery) trial is a phase III trial that evaluates the effect of adding short-term or long- 
term ADT to SRT [28]. 


12.5 ART or SRT 


Nowadays, ultrasensitive PSA assays make early SRT possible by detecting PSA 
levels as low as 0.01 ng/mL. As a result, there have been controversies about whether 
ART or SRT is better. The answer of this question is still uncertain. 

Ku et al. [29] have performed a meta-analysis after analyzing 2380 patients from 
seven published reports (three RCTs, three retrospective observational studies, one 
matched-control analysis). Patients who received ART showed better 10-year 
biochemical failure-free survival compared to the patients who received SRT (risk 
ratio/RR, 0.70; 95% CI, 0.63-0.76). However, there were no significant differences in 
10-year progression-free survival (RR, 0.88; 95% CI, 0.72—1.08) or overall survival 
(RR, 0.94; 95% CI, 0.80-1.11) between ART and SRT. 


Fossati et al. [30] have performed a retrospective evaluation for 510 pT3NO 
patients with undetectable PSA after RP. ART was performed in 243 patients, while 
early SRT was given to 267 patients. They were performed after PSA rose in two 
subsequent examinations without exceeding 0.5 ng/mL. At a median follow-up of 94 
months, metastasis-free survival (92 vs. 91%; p = 0.9) or overall survival (89 vs. 92%; 
p = 0.9) did not significantly differ between the two groups. 

There are ongoing randomized control trials that compare immediate RT with 
early SRT, including RADICAL trial [28] and RAVES (Radiotherapy Adjuvant Versus 
Early Salvage) trial [31]. Once results of these trials are published, we will know the 
appropriate timing for postoperative RT. 

At present, AUA/ASTRO guideline [5] recommends ART to patients with adverse 
pathologic findings including PSM, SVI, and EPE while it recommends SRT to 
patients with biochemical failure, which was defined as detectable PSA level more 
than 0.2 ng/mL with a second confirmation over 0.2 ng/mL after RP. 


12.6 Toxicity of Radiation Therapy 


Toxicity of postoperative RT is similar to that of primary RT. Acute toxicity occurs 
during RT and within 2-3 months after completion of RT. Most acute toxicities are 
genitourinary (GI) or gastrointestinal (GU) toxicities. Nearly 40-60% of patients will 
experience acute complications such as diarrhea, nausea, vomiting, urinary frequency, 
dysuria, or hematuria while less than 10% of patients will experience grade 3 or 4 
complications [6]. 

Feng et al. [32] have reported 5-year late complications of 959 patients who 
received postoperative RT. Grade > 2 GU toxicity developed in 16% of patients who 
received ART. It also developed in 11% of patients treated with SRT. Of those patients 
on androgen deprivation therapy (ADT), Grade = 2 toxicity occurred in 19%, 
compared to 11% in the patients without ADT. 

Of the grade 2 GI toxicity, rectal bleeding was most common (4%), followed by 
frequency and proctitis. All other toxicities occurred in 1% of cases. 

Intensity-modulated radiation therapy (IMRT) is used in more than 80% of all 
patients currently [33]. Goenak et al. [34] have reported that IMRT can reduce late 
grade >2 gastrointestinal complications from 10.2 to 1.9% compared to conformal 
radiation therapy. Rate of late grade 2 or more complication is about 10%. Ghadjar et 
al. [35] have conducted late toxicity evaluation in SAKK 09/10 randomized trial. 
Grade 2 late GU toxicity was observed in 13% of patients who received 64 Gy and 
16.6% in patients who received 70 Gy. Grade 3 or more complication rates were 0.6 
or 1.7%, respectively. Grade 2 late GI toxicity was found in 16% of patients who 
received 64 Gy and 15.4% of patients who received 70 Gy. Grade 3 or more 
complication rate was 0.6 or 2.3%, respectively. 


12.7 Summary 


Postoperative RT includes ART and SRT. ART should be administrated in patients 
with adverse pathologic features including PSM, EPE, and SVI after RP and SRT are 
recommended to patients with biochemical recurrence defined as PSA level which is 
detectable or rising over 0.2 ng/mL on at least two successive evaluations after 
surgery. The comparison between ART and early SRT is unclear; we will know the 
appropriate timing for postoperative RT with the results of ongoing RCTs. Applying 
ADH with SRT improved oncologic outcome in two RCTs, and the efficacy of long- 
term use of GnRH agonist is under investigation. 


References 


1. Lepor H. Radical retropubic prostatectomy. Urol Clin North Am. 2001;28(3):509-19, viii 
[Crossref] 


2. Ward JF, Moul JW. Rising prostate-specific antigen after primary prostate cancer therapy. Nat Clin Pract Urol. 
2005;2(4):174-82. 
[Crossref] 


3. Valicenti RK, Thompson I Jr, Albertsen P, Davis BJ, Goldenberg SL, Wolf JS, et al. Adjuvant and salvage 
radiation therapy after prostatectomy: American Society for Radiation Oncology/American Urological 
Association guidelines. Int J Radiat Oncol Biol Phys. 2013;86(5):822-8. 

[Crossref] 


4. Thompson IM Jr, Tangen CM, Paradelo J, Lucia MS, Miller G, Troyer D, et al. Adjuvant radiotherapy for 
pathologically advanced prostate cancer: a randomized clinical trial. JAMA. 2006;296(19):2329-35. 
[Crossref] 


5. Thompson IM, Valicenti RK, Albertsen P, Davis BJ, Goldenberg SL, Hahn C, et al. Adjuvant and salvage 
radiotherapy after prostatectomy: AUA/ASTRO Guideline. J Urol. 2013;190(2):441-9. 
[Crossref] 


6. Bolla M, van Poppel H, Tombal B, Vekemans K, Da Pozzo L, de Reijke TM, et al. Postoperative radiotherapy 
after radical prostatectomy for high-risk prostate cancer: long-term results of a randomised controlled trial 
(EORTC trial 22911). Lancet. 2012;380(9858):2018-27. 

[Crossref] 


7. Bolla M, van Poppel H, Collette L, van Cangh P, Vekemans K, Da Pozzo L, et al. Postoperative radiotherapy 
after radical prostatectomy: a randomised controlled trial (EORTC trial 22911). Lancet. 2005;366(9485):572— 
8. 
[Crossref] 


8. Wiegel T, Bartkowiak D, Bottke D, Bronner C, Steiner U, Siegmann A, et al. Adjuvant radiotherapy versus 
wait-and-see after radical prostatectomy: 10-year follow-up of the ARO 96-02/AUO AP 09/95 trial. Eur Urol. 
2014;66(2):243-50. 

[Crossref] 


Wiegel T, Bottke D, Steiner U, Siegmann A, Golz R, Storkel S, et al. Phase III postoperative adjuvant 
radiotherapy after radical prostatectomy compared with radical prostatectomy alone in pT3 prostate cancer 
with postoperative undetectable prostate-specific antigen: ARO 96-02/AUO AP 09/95. J Clin Oncol. 
2009;27(18):2924—30. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22, 


23. 


[Crossref] 


Thompson IM, Tangen CM, Paradelo J, Lucia MS, Miller G, Troyer D, et al. Adjuvant radiotherapy for 
pathological T3NOMO prostate cancer significantly reduces risk of metastases and improves survival: long- 
term followup of a randomized clinical trial. J Urol. 2009;181(3):956-62. 

[Crossref] 


Daly T, Hickey BE, Lehman M, Francis DP, See AM. Adjuvant radiotherapy following radical prostatectomy 
for prostate cancer. Cochrane Database Syst Rev. 2011(12):Cd007234. 


Shaikh MP, Alite F, Wu MJ, Solanki AA, Harkenrider MM. Adjuvant radiotherapy versus wait-and-see 
strategy for pathologic T3 or margin-positive prostate cancer: a meta-analysis. Am J Clin Oncol. 2017. 


Ost P, Fonteyne V, Villeirs G, Lumen N, Oosterlinck W, De Meerleer G. Adjuvant high-dose intensity- 
modulated radiotherapy after radical prostatectomy for prostate cancer: clinical results in 104 patients. Eur 
Urol. 2009;56(4):669—75. 

[Crossref] 


Cozzarini C, Montorsi F, Fiorino C, Alongi F, Bolognesi A, Da Pozzo LF, et al. Need for high radiation dose 
(>or=70 gy) in early postoperative irradiation after radical prostatectomy: a single-institution analysis of 334 
high-risk, node-negative patients. Int J Radiat Oncol Biol Phys. 2009;75(4):966—74. 

[Crossref] 


De Meerleer G, Fonteyne V, Meersschout S, Van den Broecke C, Villeirs G, Lumen N, et al. Salvage intensity- 
modulated radiotherapy for rising PSA after radical prostatectomy. Radiother Oncol. 2008;89(2):205-13. 
[Crossref] 


Albertsen PC, Hanley JA, Penson DF, Fine J. Validation of increasing prostate specific antigen as a predictor 
of prostate cancer death after treatment of localized prostate cancer with surgery or radiation. J Urol. 
2004;171(6 Pt 1):2221-5. 

[Crossref] 


Pound CR, Partin AW, Eisenberger MA, Chan DW, Pearson JD, Walsh PC. Natural history of progression after 
PSA elevation following radical prostatectomy. JAMA. 1999;281(17):1591-7. 
[Crossref] 


Trock BJ, Han M, Freedland SJ, Humphreys EB, DeWeese TL, Partin AW, et al. Prostate cancer-specific 
survival following salvage radiotherapy vs observation in men with biochemical recurrence after radical 
prostatectomy. JAMA. 2008;299(23):2760-9. 

[Crossref] 


Boorjian SA, Karnes RJ, Crispen PL, Rangel LJ, Bergstralh EJ, Blute ML. Radiation therapy after radical 
prostatectomy: impact on metastasis and survival. J Urol. 2009;182(6):2708-14. 
[Crossref] 


Cotter SE, Chen MH, Moul JW, Lee WR, Koontz BF, Anscher MS, et al. Salvage radiation in men after 
prostate-specific antigen failure and the risk of death. Cancer. 2011;117(17):3925-32. 
[Crossref] 


Stephenson AJ, Scardino PT, Kattan MW, Pisansky TM, Slawin KM, Klein EA, et al. Predicting the outcome 
of salvage radiation therapy for recurrent prostate cancer after radical prostatectomy. J Clin Oncol. 
2007;25(15):2035-41. 

[Crossref] 


King CR. The timing of salvage radiotherapy after radical prostatectomy: a systematic review. Int J Radiat 
Oncol Biol Phys. 2012;84(1):104—11. 
[Crossref] 


King CR. The dose-response of salvage radiotherapy following radical prostatectomy: A systematic review 


24. 


25; 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


and meta-analysis. Radiother Oncol. 2016;121(2):199-203. 
[Crossref] 


Spiotto MT, Hancock SL, King CR. Radiotherapy after prostatectomy: improved biochemical relapse-free 
survival with whole pelvic compared with prostate bed only for high-risk patients. Int J Radiat Oncol Biol 
Phys. 2007;69(1):54-61. 

[Crossref] 


Moghanaki D, Koontz BF, Karlin JD, Wan W, Mukhopadhay N, Hagan MP, et al. Elective irradiation of pelvic 
lymph nodes during postprostatectomy salvage radiotherapy. Cancer. 2013;119(1):52-60. 
[Crossref] 


Shipley WU, Seiferheld W, Lukka HR, Major PP, Heney NM, Grignon DJ, et al. Radiation with or without 
Antiandrogen Therapy in Recurrent Prostate Cancer. N Engl J Med. 2017;376(5):417-28. 
[Crossref] 


Carrie C, Hasbini A, de Laroche G, Richaud P, Guerif S, Latorzeff I, et al. Salvage radiotherapy with or 
without short-term hormone therapy for rising prostate-specific antigen concentration after radical 
prostatectomy (GETUG-AFU 16): a randomised, multicentre, open-label phase 3 trial. Lancet Oncol. 
2016;17(6):747-56. 

[Crossref] 


Parker C, Sydes MR, Catton C, Kynaston H, Logue J, Murphy C, et al. Radiotherapy and androgen 
deprivation in combination after local surgery (RADICALS): a new Medical Research Council/National 
Cancer Institute of Canada phase III trial of adjuvant treatment after radical prostatectomy. BJU Int. 
2007;99(6):1376-9. 

[Crossref] 


Ku JY, Lee CH, Ha HK. Long-term oncologic outcomes of postoperative adjuvant versus salvage radiotherapy 
in prostate cancer: Systemic review and meta-analysis of 5-year and 10-year follow-up data. Korean J Urol. 
2015;56(11):735-41. 

[Crossref] 


Fossati N, Karnes RJ, Boorjian SA, Moschini M, Morlacco A, Bossi A, et al. Long-term impact of adjuvant 
versus early salvage radiation therapy in pT3N0 prostate cancer patients treated with radical prostatectomy: 
results from a multi-institutional series. Eur Urol. 2017;71(6):886-93. 

[Crossref] 


Pearse M, Fraser-Browne C, Davis ID, Duchesne GM, Fisher R, Frydenberg M, et al. A Phase III trial to 
investigate the timing of radiotherapy for prostate cancer with high-risk features: background and rationale of 
the Radiotherapy -- Adjuvant Versus Early Salvage (RAVES) trial. BJU Int. 2014;113(Suppl 2):7-12. 
[Crossref] 


Feng M, Hanlon AL, Pisansky TM, Kuban D, Catton CN, Michalski JM, et al. Predictive factors for late 
genitourinary and gastrointestinal toxicity in patients with prostate cancer treated with adjuvant or salvage 
radiotherapy. Int J Radiat Oncol Biol Phys. 2007;68(5):1417-23. 

[Crossref] 


Goldin GH, Sheets NC, Meyer AM, Kuo TM, Wu Y, Sturmer T, et al. Comparative effectiveness of intensity- 
modulated radiotherapy and conventional conformal radiotherapy in the treatment of prostate cancer after 
radical prostatectomy. JAMA Intern Med. 2013;173(12):1136-43. 

[Crossref] 


Goenka A, Magsanoc JM, Pei X, Schechter M, Kollmeier M, Cox B, et al. Improved toxicity profile following 
high-dose postprostatectomy salvage radiation therapy with intensity-modulated radiation therapy. Eur Urol. 
2011;60(6):1142-8. 

[Crossref] 


Ghadjar P, Hayoz S, Bernhard J, Zwahlen DR, Holscher T, Gut P, et al. Acute toxicity and quality of life after 
dose-intensified salvage radiation therapy for biochemically recurrent prostate cancer after prostatectomy: first 
results of the randomized trial SAKK 09/10. J Clin Oncol. 2015;33(35):4158-66. 

[Crossref] 


Part III 
Androgen Deprivation Therapy for 
Advanced Prostate Cancer 


© Springer Nature Singapore Pte Ltd. 2018 
Choung Soo Kim (ed.), Management of Advanced Prostate Cancer, https://doi.org/10.1007/978-981- 
10-6943-7_13 


13. Immediate vs. Delayed ADT for 
Recurrent Prostate Cancer 


Tae Heon Kim'™ and Seong Il Seo'™ 


(1) Department of Urology, Samsung Medical Center, Sungkyunkwan 
University School of Medicine, Seoul, South Korea 


td Tae Heon Kim 


&I Seong Il Seo (Corresponding author) 
Email: siseo@skku.edu 


13.1 Introduction 


Despite high cure rates with radical prostatectomy or radiation therapy for 
localized prostate cancer, approximately 30% of men experience a rising 
prostate-specific antigen (PSA) level, a condition known as biochemical 
recurrence (BCR) [1-3]. Elevations in PSA may indicate local or distant 
recurrence. Thus, once BCR occurs the patient is presumed to have 
recurrent prostate cancer. Among patients who develop BCR, 
approximately one-third will develop clinical recurrence within 8 years 
from BCR [4]. Depending on the type of initial local therapy, reasonable 
options for BCR patients include observation with close surveillance, 
salvage radical prostatectomy, salvage radiation therapy, androgen 
deprivation therapy (ADT), and enrollment in investigational clinical trials. 
Of these options, ADT has long been accepted and widely used as an 
effective treatment for patients with advanced, recurrent, and disseminated 
prostate cancer, but it is associated with disadvantages including side effects 


as well as substantial cost. Not all patients with recurrent prostate cancer 
have the same prognosis, and understanding clinical factors that affect 
developing metastatic disease is crucial. Clinicians must balance a patient’s 
competing benefit of survival gain and potential risk of an increased 
morbidity and impair quality of life. The trade-off between the relative 
benefits and harms of ADT in patients with recurrent prostate cancer is 
essential for consideration regarding in whom, how, and when it should be 
used. One of the most prominent questions in the treatment of patient with 
recurrent prostate cancer is that whether to initiate ADT immediately upon 
an increasing PSA level or to delay its use until the development of 
symptomatic or radiographic progression occurs. Despite the proven 
efficacy of ADT in recurrent prostate cancer, consensus as to the optimal 
time to initiate ADT remains in debate because results from clinical trials 
are mixed. 

In this chapter, we review the relevant clinical trial data that may guide 
clinicians with respect to timing of ADT for treatment of recurrent prostate 
cancer. 


13.2 Defining Recurrent Prostate Cancer 


Among men treated with radical prostatectomy or radiation therapy for 
localized prostate cancer, the state of an increasing PSA level is known as 
BCR. A standard PSA cut point to define BCR has yet to be established. 
The definition of BCR is usually dependent upon the type of initial local 
treatment received. There are more than 50 different definitions of BCR 
after radical prostatectomy. The American Urological Association 
Guidelines Panel defined BCR after radical prostatectomy as a value of 0.2 
ng/mL or greater with a second confirmatory level of greater than 0.2 
ng/mL [5]. This definition also has been adopted by the European 
Guidelines on Prostate Cancer [6]. For patients who receive radiation 
therapy, the PSA levels typically do not fall to undetectable level, and the 
kinetics of PSA decline are different from that in patients who receive 
radical prostatectomy. There have been several definitions offered to 
indicate BCR after radiation therapy. The American Urological Association 
Guidelines Panel found 99 different definitions of BCR following radiation 
therapy [5]. Among them, the American Society of Therapeutic Radiology 
and Oncology Consensus has defined BCR after radiation therapy as three 


successive PSA rises after the nadir, with the date of relapse backdated to 
midpoint between the nadir PSA and the fist rise [7]. Although the 
American Urological Association Guidelines Panel recommends that the 
American Society of Therapeutic Radiology and Oncology definition be 
adopted, it has several weaknesses, including this definition was not linked 
to any clinically significant outcomes such as clinical failure or cancer- 
specific or overall survival. As an alternative definition, the Radiation 
Therapy Oncology Group and American Society for Radiation Oncology 
Phoenix Consensus Conference defined BCR following radiation therapy as 
a rise of 2 ng/mL or higher than the nadir PSA, regardless of the serum 
concentration of the nadir PSA (Phoenix definition) [8]. It is now clear that 
the Phoenix definition of BCR after radiation therapy is more robust in 
predicting clinical outcomes. 


13.3 Hormonal Therapy for Recurrent Prostate 


Cancer 


Not all patients with recurrent prostate cancer have the same prognosis, and 
stratification of patients into appropriate risk groups is essential. ADT is 
one standard of care for patient with BCR after definite local therapy. ADT 
can be achieved via bilateral orchiectomy or via gonadotropin-releasing 
hormone agonists and antagonists. For patients with recurrent prostate 
cancer, however, the impact of ADT on overall survival and quality of life 
remains unestablished primarily due to the lack of data derived from well- 
designed controlled trials [9, 10]. ADT for patients with BCR after radical 
prostatectomy or radiation therapy is associated with a decline of PSA and 
deferred time to development of clinical or radiographic progression. On 
the other hand, ADT is known to affect patient’s quality of life related to 
potential adverse events [11]. These potential adverse events include 
reduced energy, loss of libido, poor sexual function, memory loss, poor 
metabolic health, cardiovascular disease, bone loss, and fracture risk [12— 
14]. Therefore, the trade-offs between survival gain and risk of potential 
adverse events are important considerations in the decision-making process 
on timing and duration of ADT. 


13.4 Timing of ADT 


There is no overall and complete consensus about the appropriate timing of 
ADT for patient with recurrent prostate cancer after radical prostatectomy 
or radiation therapy. A decision to adopt immediate ADT or delayed ADT 
in standard clinical practice depends on consideration of pretreatment 
prognostic factors including absolute baseline PSA, PSA kinetics, tumor T 
stage, Gleason score, surgical margin status, and lymph node status. While 
some advocate delaying ADT until the development of clinical or 
radiographic progression, others recommend immediate ADT initiation. 
Uncertainty about the overall survival benefits of starting ADT 
immediately, combined with serious side effects and quality of life that may 
accompany ADT, has led many patients to delay ADT initiation. 

For patients with BCR and clinical or radiographic metastatic disease, it 
is acknowledged that immediate initiation of ADT can improve symptoms 
(e.g., pain) and reduces further metastatic progression or the development 
of skeletal-related events, thus improving the patient’s overall quality of life 
with respect to complications from the disease itself. However, one must 
remember that immediate ADT has not been shown to improve overall 
survival in these patients. There are a moderate decrease of 17% in relative 
risk for cancer-specific mortality, a moderate increase of 15% in relative 
risk for non-prostate cancer-specific mortality, and no overall survival 
advantage for immediate initiation of ADT versus withholding until 
symptomatic progression [9]. 

Appropriate timing of ADT for BCR without metastatic disease is 
controversial. Garcia-Albeniz et al. [15] evaluated patients with PSA-only 
recurrence after primary radical prostatectomy or radiotherapy in order to 
determine the optimal timing of ADT. They found that there was no overall 
or cancer-specific survival benefit of immediate ADT initiation (within 3 
months after BCR) compared with delayed ADT initiation (at clinical 
progression or short PSA doubling time). Siddiqui et al. [16] found that 
patients who received ADT at the moment of BCR with different thresholds 
of PSA after radical prostatectomy did not have improved cancer-specific 
survival or systemic progression-free survival compared with patients who 
received delayed ADT after BCR. Duchesne et al. in the TOAD trial [17] 
reported the results of a multicenter, randomized trial comparing immediate 
ADT with delayed ADT by about 2 years. In this study, patients who 


received immediate ADT seemed to be slightly better than did those who 
had delayed ADT. The primary end point of overall survival was 
significantly improved with immediate receipt of ADT compared with 
delayed ADT. Five-year overall survival was 91.2% (84.2—95.2) in patients 
with immediate ADT versus 86.4% (95% CI 78.5—91.5) in patients with 
delayed ADT (log-rank p = 0.047). The unadjusted hazard ratio for overall 
survival for immediate ADT versus delayed ADT assignment was 0.55 
(95% CI 0.30-1.00; p = 0.050). In subset analysis, however, immediate 
ADT did not lead to more favorable overall survival compared with delayed 
ADT in patients with PSA-only recurrence. The estimated 5-year overall 
survival rates were 84.3% (73.9-90.8) in the immediate ADT group and 
78.2% (95% CI 67.2—85.8) in the delayed ADT group (log-rank p = 0.10). 
Furthermore, immediate use of ADT was associated with early detriments 
in specific hormone treatment-related symptoms, but with no other 
demonstrable effect on overall functioning or health-related quality of life 
[18]. In retrospective study from the Department of Defense Center for 
Prostate Disease Research Database, Moul et al. [19] reported that there 
was no beneficial effect of immediate ADT in terms of development of 
clinical metastasis for patients who have experienced BCR after radical 
prostatectomy. A subset analysis revealed, however, immediate ADT in 
those who have experienced BCR has been found to decrease the rates of 
distant metastasis in patients with high-risk features defined as Gleason sum 
greater than 7 or PSA doubling time less than 12 months. Another 
retrospective review of patients who had experienced BCR after undergoing 
radiation therapy, the use of immediate ADT prolonged metastasis-free 
survival in those with PSA doubling time <12 months [20]. However, no 
benefit was seen in those with PSA doubling time >12 months. Similarly, 
Klayton et al. [21] found a significant improvement of cancer-specific 
survival for patients receiving immediate ADT, but not in the group with a 
PSA doubling time >6 months. 


13.5 Summary 


Despite definitive local therapy, such as radical prostatectomy or radiation 
therapy, a significant number of patients will experience BCR of their 
disease. When planning the optimal course of ADT for a patient with 
recurrent prostate cancer, multiple clinical factors must be taken into 


consideration, especially in the known side effects and the impact on 
survival gain. The potential benefits of ADT should be discreetly 
considered and balanced against its potential harms. In terms of optimal 
timing of ADT, immediate initiation of ADT is a reasonable option for 
patients with high-risk features of clinical or radiologic progression, defined 
mainly by a short PSA doubling time, high absolute PSA, and high Gleason 
score. 
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14.1 Introduction 


Androgen deprivation therapy (ADT) is the main systemic treatment of 
metastatic prostate cancer. However, the indications for ADT have been 
expanded to locally advanced disease with development of medical 
castration. Reversible medical androgen deprivation has facilitated adjuvant 
ADT in men with high-risk features treated with radiation or surgery. 
Considering the toxic effects of androgen deprivation and deterioration in 
quality of life, permanent androgen deprivation in patients with symptom- 
free biochemical recurrence seems unsuitable. 

Intermittent androgen deprivation therapy (intermittent ADT) has been 
studied in an attempt to delay the development of castration resistance and 


reduce adverse events associated with ADT. Appropriate intermittent ADT 
protocol and patient selection are important to balance effective cancer 
treatment with minimal adverse events. 


14.2 Two Complementary Ideas: Rationale for 
Intermittent Androgen Deprivation Therapy 


14.2.1 Development of Castration-Resistant Prostate 


Cancer 


Progression to castration resistance should be delayed since it is the major 
cause of death in patients treated with ADT. An androgen-dependent tumor 
model suggests that androgen deprivation therapy initially eliminates the 
differentiated cells, but if the disease progresses, the proportion of 
androgen-independent stem cells increases [1]. It can be assumed that, if 
androgen is supplemented prior to disease progression, surviving stem cells 
will differentiate into androgen-dependent tumors, which can be responsive 
to subsequent androgen withdrawal. Thus, the concept for intermittent ADT 
is to allow recovery of testosterone during a period of treatment cessation 
after androgen deprivation, restoring the apoptotic potential and helping 
tumor cells remain sensitive to treatment [2]. 

In an androgen-dependent model, the time to castration resistance 
almost tripled when intermittent ADT was applied [3]. In a small clinical 
trial, the 3-year risk of progression rate was lower in the intermittent ADT 
group than in the continuous ADT group [4]. However, in large clinical 
trials such as SWOG 9346 and CIC-CTG PR.7, it was concluded that 
intermittent ADT had no survival benefit compared to continuous ADT [5, 
6]. 


14.2.2 Negative Impact of Continuous Androgen 
Deprivation Therapy 


Adverse events associated with ADT include hot flush, reduced muscle and 
bone mass, sexual dysfunction, cognitive dysfunction, changes in body 
habitus, gynecomastia, anemia, and metabolic syndrome. Furthermore, 
cardiovascular-related morbidity associated with metabolic syndrome is a 
common cause of death in patients treated with ADT. To reduce adverse 


events, deterioration in health-related quality of life, and cardiovascular 
mortality, discontinuation of ADT and recovery of testosterone during the 
off-treatment period of ADT should be considered in patients with poor 
compliance with ADT. 

Crook et al. reported that intermittent ADT was associated with better 
quality of life, assessed with the use of questionnaire (QLQ-C30), 
especially in terms of frequency of hot flush, desire for sexual activity, and 
urinary symptoms. However, for the functional domains (physical, role, and 
global health), the intermittent therapy arm was comparable to continuous 
arm [5]. Secondary analysis of the SWOG 9346 trial showed that 
intermittent ADT did not reduce the incidence of long-term adverse events, 
and older men assigned to intermittent ADT had no apparent reduction in 
bone, endocrine, or cognitive events, but rather experienced increased 
ischemic and thrombotic events [7]. In a meta-analysis comparing 
intermittent ADT and continuous ADT, Botrel et al. concluded that the 
impact in QoL was similar for both groups, but sexual activity scores were 
higher and the incidence of hot flashes was lower in patients treated with 
intermittent ADT [8]. 

In a meta-analysis of the association between intermittent ADT and 
cardiovascular events, Jin et al. reported that intermittent therapy did not 
reduce cardiovascular events or thromboembolic events, but did reduce 
cardiovascular-related mortality [9]. 


14.3 Patient Selection for Intermittent Androgen 
Deprivation Therapy 
14.3.1 Clinical Application of Intermittent Androgen 


Deprivation Therapy 


Since its introduction in 1987 by Klotz et al., intermittent ADT has been 
clinically applied with the development of PSA monitoring. Although many 
clinical trials for intermittent ADT have been performed, it is still unclear 
which patients are suitable candidates for intermittent ADT. Recent large- 
scale clinical trials provide information on how to make decisions based on 
the extent of disease progression [5, 6]. 


14.3.2 Nonmetastatic Prostate Cancer 


In a clinical trial of patients with elevated PSA after radiotherapy, Crook et 
al. performed an interim analysis of overall survival for non-inferiority of 
intermittent ADT compared to continuous ADT [5]. Intermittent ADT 
consisted of 8-month treatment cycles, with a nontreatment interval based 
on PSA level. At a median follow-up of 6.9 years, 268 patients treated with 
intermittent ADT and 256 treated with continuous ADT had died. The 
median overall survival was 8.8 years in the continuous ADT group and 9.1 
years in the intermittent ADT group. The hazard ratio for intermittent ADT 
was 1.03 (95% CI, 0.86—1.23), and the P-value for non-inferiority was 
0.009 (Fig. 14.1). 
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Fig. 14.1 Overall survival in patients treated with intermittent androgen deprivation therapy 
compared to those treated with continuous androgen deprivation therapy in a cohort of men after 
radiotherapy (N Engl J Med 2012;367:895—903) 


The disease-specific hazard ratio was 1.23 (95% CI, 0.94—1.60; P = 
0.13), showing favorable outcome in the continuous ADT group. The risk 
of progression to castration resistance in the intermittent ADT group seems 
to be low (HR 0.81; 95% CI, 0.68—0.98; P = 0.03), but this might be due to 
the bias caused by the definition of castration resistance (disease 
progression with castrate range of testosterone level). In the intermittent 
ADT group, even if PSA is increased, the treatment should be restarted, and 
the testosterone is reduced to the castration level before it can be judged as 
castration resistance prostate cancer. 


14.3.3 Metastatic Prostate Cancer 


The largest clinical trial of intermittent ADT, SWOG 9346, was conducted 
in metastatic hormone-sensitive prostate cancer patients [6]. The objectives 
of that study were to assess the non-inferiority of intermittent ADT for 
survival and quality of life 3 months after randomization. Among 3040 
enrolled patients, 1535 were randomly assigned to continuous ADT (N = 
765) and intermittent ADT (N = 770). The median survival was 5.8 years in 
the continuous ADT group and 5.1 years in the intermittent ADT group 
(HR 1.10; 90% CI, 0.99-1.23) (Fig. 14.2). 
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Fig. 14.2 Median survival in patients treated with intermittent androgen deprivation therapy 
compared to those treated with continuous androgen deprivation therapy in a cohort of metastatic 
hormone-sensitive prostate cancer patients (N Engl J Med 2013;368:1314—25) 


This study was designed to demonstrate the non-inferiority of 
intermittent ADT based on a hazard ratio of 1.20. In the results, the relative 
risk was 10%, but it was statistically inconclusive because the confidence 
interval included 1.00 and 1.20 (0.99-1.23). Therefore, lower survival of 
the intermittent ADT group could not be ruled out. 


14.3.4 Candidates for Intermittent Androgen 
Deprivation Therapy 


Previous studies have shown that intermittent ADT in locally advanced 
prostate cancer reduces adverse events associated with ADT and maintains 
better quality of life without affecting survival, but intermittent ADT in 
metastatic prostate cancer might compromise survival without improving 
quality of life [5, 6]. Therefore, factors such as stage and grade of tumor, 


life expectancy, comorbidities, and sexual activity should be considered 
when selecting patients to be treated with intermittent ADT. 


14.4 Appropriate Regimen for Intermittent 
Androgen Deprivation Therapy 


14.4.1 PSA Level and Schedules for Intermittent 
Androgen Deprivation Therapy 


Intermittent ADT has been studied in many clinical trials, but there is still 
no consensus on PSA threshold or cycle length for intermittent ADT. The 
high heterogeneity in the current meta-analysis of clinical trials for 
intermittent ADT reflects this problem [8, 10]. 

Definite criteria for PSA level for selection and monitoring of 
intermittent ADT patients and standardization of measurement is required. 
It was recently reported that a PSA level higher than 4 ng/mL after 7 
months of ADT is a strong predictor of survival in patients with metastatic 
prostate cancer, and patients with a PSA level lower than 0.2 ng/mL had a 
better chance of survival [11]. On the other hand, in a recent study that 
evaluated the combination of radiotherapy plus ADT in patients with 
localized or locally advanced prostate cancer, posttreatment PSA level 
higher than 5 ng/mL was associated with a decreased risk of cancer-specific 
survival [12]. 

The CIC-CTG PR.7 trial included patients who underwent definitive 
radiotherapy at least 12 months before enrollment and had a PSA level 
higher than 3 ng/mL and no metastasis [5]. After an induction period of 8 
months, the nontreatment period was initiated in the intermittent ADT 
group if there was no progression of disease and if the PSA level was less 
than 4 ng/mL and not elevated more than 1 ng/mL above the previously 
measured level. The PSA level was monitored every 2 months during the 
nontreatment period, and treatment was reinitiated at a PSA level higher 
than 10 ng/mL. 

In contrast, Hussain et al. enrolled metastatic prostate cancer patients 
with PSA level higher than 5 ng/mL before treatment in the SWOG 9346 
study [6]. Patients with a PSA level lower than 4 ng/mL after a 7-month 
induction period with combined androgen blockade were randomly 
assigned to the continuous ADT or intermittent ADT group. Both groups 


underwent clinical assessment every 3 months, and the treatment was 
resumed when the PSA level rose to baseline or 20 ng/mL in the 
intermittent ADT group. 


14.4.2 Recommendations for Intermittent Androgen 
Deprivation Therapy 

Based on previous studies, Wolff et al. recommended the principles for 
intermittent ADT as follows [10]: 


1. Induction period of ADT should last 3—6 months. 


2. For men with metastatic disease, the PSA level should fall to <4.0 
ng/mL. 


3. For men with recurrent disease, the PSA level should fall to <0.5 
ng/mL. 


4. Reinitiation of the treatment: 
(a) Clinical progression of disease. 
(b) PSA doubling time <6 months. 


(c) PSA level increases to between 10 and 15 ng/mL in men with 
metastatic disease. 


(d) PSA level increases to between 4 and 10 ng/mL in men with 
nonmetastatic disease. 


5. When treatment is reinitiated, it should be continued for >6 months. 


6. PSA tests and clinical examinations should be conducted every 3 or 6 
months. 


Intermittent ADT can improve patient compliance by minimizing 


adverse events from ADT and improving quality of life. However, 
intermittent therapy in advanced prostate cancer patient can increase the 
risk of recurrence and mortality. Therefore, patients should be informed of 
the benefits and risks of intermittent ADT before treatment. Patients should 
also be informed that the beginning of the off-treatment period is not a 
permanent disruption of therapy and that frequent assessment of PSA level 
and monitoring of cancer progression are required. 


14.5 Summary 


Intermittent ADT has been studied in an attempt to delay the 
development of castration resistance and reduce adverse events 
associated with ADT. 


Intermittent ADT can improve patient compliance by minimizing 
adverse events from ADT and improving quality of life, but it is not 
related to prolonged survival. 


Selection of eligible patients for intermittent ADT is important because 
intermittent therapy in advanced prostate cancer patient can increase 
the risk of recurrence and mortality. 


Although many clinical trials for intermittent ADT have been 
performed, it is still unclear which patients are suitable for the 
treatment. 


It is necessary to establish guidelines for intermittent ADT through 
evidence synthesis of previous studies. 


Patients should be informed of the benefits and risks of intermittent 
ADT before treatment. 
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15.1 Introduction 


ADT is the main treatment for advanced prostate cancer. Combination 
therapy with radiotherapy in early stage prostate cancer is increasing. 
LHRH agonists are the most frequently used type of ADT for several years, 
and they have suppressed the serum testosterone to castration level in 
almost all patients. Furthermore, LHRH antagonist was developed recently 
as an alternative form of ADT with direct and immediate suppression of 
testosterone without initial testosterone flare phenomenon. Therefore, in 
this chapter, we will describe the comparative efficacy and safety between 
LHRH agonists and LHRH antagonists for prostate cancer. 


15.2 LHRH Agonist 
15.2.1 Mechanism of LHRH Agonist 


The secretion of LHRH is pulsatile. An intermittent LHRH release is 
necessary for a physiologic stimulation of gonadotropin secretion. A 
sustained stimulation of the pituitary by repeated injections of LHRH 
agonists or periodic administration of microcapsules of LHRH agonists 
induces suppression of the hypophyseal-gonadal axis through a reduction of 
pituitary receptors for LHRH, decrease in the expression of mRNA for 
LHRH receptor, rapid homologous desensitization of LHRH receptors, and 
inhibition of blood levels of luteinizing hormone (LH), follicle-stimulating 
hormone (FSH), and other sex steroids. This downregulation of pituitary 
receptors creates a state of reversible medical castration. 

Because daily injections of LHRH agonists are inconvenient and 
produce compliance problems, long-acting delivery systems were 
developed. The microcapsules are formulated to release a dose of about 100 
ug peptide per day over a 30—90-day period. These microcapsules are 
composed of 2—6% of LHRH agonists dispersed in poly (lactide-co- 
glycolide) polymer which is biodegradable and biocompatible. 


15.2.2 LHRH Agonists for Treatment of Prostate 
Cancer 
15.2.2.1 Clinical Efficacy of LHRH Agonists 


The efficacy of therapy with LHRH agonists in advanced prostate cancer 
patients was first demonstrated in 1981 [1]. Ten patients with stage III and 
IV prostate cancer were treated with two LHRH agonists for 6 weeks to 12 
months. [D-Trp6] LHRH was given subcutaneously at a dose of 100 g/day, 
and [p-Ser(But)6] Des-Gly-NH2 10-LHRH ethylamide was also used 
subcutaneously at a dose of 50 ug once daily or intranasally (500 pg twice 
daily). Plasma testosterone levels declined 75% by the third week of 
treatment in all patients. Normalization or decrease of acid phosphatase 
(ACP) levels occurred at 2 months and 47% decrease in alkaline 
phosphatase (ALP) at 10 weeks. There was relief of bone pain in stage IV 
patients with bone metastases and was the radiologically improvement in 


one patient. It was concluded that LHRH agonists were effective for 
prostatic cancer with fewer side effects than estrogen treatment. 

In other clinical trial, 81 prostate cancer patients were treated daily for 3 
months with decapeptyl. The outcomes were compared to those treated with 
other hormones. Prostatic size was normal in 26% of patients and was 
reduced to more than half in an additional 18%. Bone scan showed 
improvements of bone lesions in 15% [2]. LHRH agonists avoid the 
psychological side effects or the cardiovascular, hepatic, and mammotropic 
effects of estrogen. The responses of tumors after 3—19 months of therapy 
were similar to surgical castration. Long-term therapy with LHRH agonist 
is preferred as an alternative to surgical castration or estrogen treatment. 


15.2.2.2 Flare Phenomenon of LHRH Agonists 


The initial exposure to LHRH agonists results in the flare phenomenon of 
LH and testosterone level. This phenomenon is observed in all LHRH 
agonists and occasionally can bring a life-threatening worsening of 
symptoms. Fortunately, the co-administration of an antiandrogen can block 
the increase of testosterone levels. Although it had been said that the 
antiandrogen administration should precede the LHRH agonist treatment 
about 1 week, someone has reported that there were no differences in PSA 
levels with the administration simultaneously [3]. Usually, antiandrogen co- 
administration is required for about 1 month. 


15.2.2.3 Safety of LHRH Agonists 


Androgen deprivation produced by LHRH agonists may lead to worsening 
of clinical symptoms in advanced disease like bone pain, spinal cord 
compression, and urethral compression. In general, use of LHRH agonists 
leads to impotence, hot flashes, nausea, sweating, muscle loss, osteoporosis, 
bone fractures, reduced insulin sensitivity, elevated serum cholesterol, 
anemia, gynecomastia, and declined cognitive performance [4]. 

In spite of that, LHRH agonists are still the preferred treatment for 
patients with advanced prostate cancer, and LHRH agonists are selected in 
70% of patients for primary treatment. LHRH agonists can be also used 
with local treatments in localized prostate cancer patients. And LHRH 
agonists are also recommended in patients with an increasing PSA levels 
after radiotherapy or radical prostatectomy. 


15.3 LHRH Antagonist 


15.3.1 Mechanism of LHRH Antagonist 


LHRH antagonist competes with endogenous LHRH for LHRH receptor 
site producing a competitive receptor block. Thus, LHRH antagonists cause 
a prompt inhibition of the release of sex steroids and gonadotropins in 
contrast to LHRH agonists which make this effect only after 
downregulation of LHRH receptors. A major advantage of LHRH 
antagonists over LHRH agonists is their capacity to induce a prompt 
inhibition of LH, FSH, and sex steroid secretion in a few hours after the 
administration. The therapy with antagonists also avoids a flare 
phenomenon caused by a transient release of LH and sex steroids, which 
occurs during administration of LHRH agonists. 


15.3.2 LHRH Antagonists for Treatment of Prostate 
Cancer 
15.3.2.1 Clinical Efficacy of LHRH Antagonists 


Clinical trials showed persistent inhibition of testosterone levels in 
advanced prostatic cancer patients who treated subcutaneously with 
cetrorelix for several months. After the first week of therapy, a significant 
decrease of bone pain, bladder outlet obstruction relief, and improvement of 
LUTS were noted. After 6 weeks, the PSA level and serum alkaline 
phosphatases fell to normal values. In patients with stage III disease, there 
was a decrease in prostate size. An improvement in obstructive symptoms 
and prolonged inhibition of serum testosterone to castration levels were also 
obtained in benign prostatic hyperplasia patients. No side effects other than 
impotence were noted [5]. 

The response to cetrorelix was also evaluated in five advanced prostatic 
cancer patients with paraplegia due to compression of the spinal cord or 
cauda equina. They could not be treated with LHRH agonists because of the 
flare phenomenon. After treatment, the neurologic symptoms regressed in 
all patients. In one patient, myelography demonstrated that the 
disappearance of the spinal cord compression and ultrasonography showed 
a significant decrease in prostate size. Baseline levels of FSH, LH, and 
testosterone decreased markedly after the first day of therapy and remained 


low [6]. Abarelix was synthesized in 1998, developed over the last decade, 
and approved by the FDA in 2003. However, because of hypersensitivity 
reaction in some patients, its use was discontinued in the USA in 2005. 


15.3.2.2 Clinical Efficacy of Degarelix 


Unlike abarelix, degarelix has no systemic allergic reactions. Degarelix is a 
decapeptide with 5 D-amino acids and two other non-coded amino acids. 
Degarelix is the third generation LHRH antagonist and approved by the 
FDA in 2008. Degarelix was evaluated for safety and effectiveness in three 
phase II clinical trials. Degarelix was well tolerated in all trials, and 
yearlong treatment was associated with rapid, profound, and sustained 
inhibition of testosterone to castrate levels. There was also rapid PSA 
suppression. These three studies concluded that the most effective loading 
dose of degarelix was 240 mg with an 80 or 160 mg maintenance dose [7]. 

The phase III clinical trials demonstrated that both degarelix doses (80 
or 160 mg) were statistically non-inferior to leuprolide in testosterone 
response. The primary end point was serum testosterone <0.5 ng/mL until 
day 364 at every monthly measurement. The median testosterone level rose 
from baseline after 3 days in leuprolide group and remained at <0.5 ng/mL 
until day 28. Also, surge of testosterone was observed in 80% of the 
leuprolide group but 0% in the degarelix group. The degarelix groups, both 
240/80 mg and 240/160 mg, were significantly more rapid in suppression of 
PSA compared to the leuprolide group. Degarelix treatment produced a 
more rapid suppression of LH and FSH levels and remained suppressed 
until the end. In the leuprolide group, there was an initial increase in both 
gonadotropins, and FSH levels did not fall as much as in the degarelix 
group [8, 9]. 


15.3.2.3 Cardiovascular Advantage of LHRH 


Antagonists 


Additionally, retrospective analysis from pooled data of phase III clinical 
trials suggests a lower risk of major cardiovascular events with degarelix in 
patients with a history of cardiovascular disease, although this remains a 
subject of debate. A mouse model of low-density lipoprotein receptor 
knockout mice demonstrated that those mice treated with LHRH 
antagonists develop less adiposity, atherosclerosis, and metabolic syndrome 


compared with mice that had undergone orchiectomy or LHRH agonist 
therapy [10]. Another possible biologic explanation may lie in the presence 
of FSH receptors within the endothelial surface of blood vessel. FSH 
receptors would be stimulated by LHRH agonist therapy but would 
presumably be less stimulated through LHRH antagonist therapy which also 
suppresses FSH [11]. 


15.3.2.4 Disadvantage of Delivery System 


Degarelix has the disadvantage of needing monthly depot injections, while 
LHRH agonists are available in 3-, 4-, or even 6-month depot formulations. 
And the large volume and need for two injections for the starting dose lead 
to common injection site reactions at therapy initiation. 


15.4 LHRH Agonist vs. LHRH Antagonist for 
Prostate Cancer 
15.4.1 Biochemical Markers 


Sciarra et al. reported a meta-analysis and systematic review of five 
randomized controlled trials with degarelix versus LHRH agonists for 
advanced prostate cancer [12—18]. Both treatments were able to maintain 
testosterone suppression to <0.5 ng/mL from day 28 to 364. Castration 
testosterone levels were maintained for all the follow-up period in 98 and 
96% of groups, respectively. In the first 1 month, treatment with degarelix 
made castration testosterone level in a significantly higher when compared 
to LHRH agonists (97 vs. 45%). The difference in PSA reduction from 
baseline at 1 month was not statistically significant between degarelix and 
LHRH agonists. 


15.4.2 Oncological Outcomes 


Oncological outcomes were studied in one randomized phase III clinical 
trial, CS21 trial (www.clinicaltrial.gov), though the primary end point was 
castration with testosterone level of <0.5 ng/mL from days 28 to 364 [8, 
14]. The overall survival was significantly higher in patients receiving 
degarelix compared to LHRH agonist at 12 months (97.4% (CI, 93.8—-98.9) 
vs. 95.1% (CI, 90.7—97.4); p value, 0.05). PSA progression-free survival 


was also analyzed at 12 months. The results from CS21 trial suggested that 
PSA progression occurred more frequently in patients receiving LHRH 
agonist compared to degarelix (12.9 vs. 7.7%, p value is not determined). 
However, the results of this study were mainly focused on PSA 
progression-free survival, and the numbers of death were very low in both 
groups. In addition, it did not analyze the data about prostate cancer- 
specific survival and clinical progression-free survival. Therefore, the 
comparison of the oncological outcome between LHRH agonist and LHRH 
antagonist was not fully evaluated yet. 


15.4.3 Adverse Events and Symptoms 


Adverse events were reported to 61 and 59% in the degarelix and LHRH 
agonists group, respectively. Flushing was the most frequently reported side 
effects in both group, and most reported adverse events were mild to 
moderate. Degarelix had a higher rate of injection site reactions than LHRH 
agonists. Cardiovascular events were reported to 1.6 and 3.6% in the 
degarelix and LHRH agonists group, respectively. And lower urinary tract 
symptoms showed a higher decrease in the degarelix than in the LHRH 
agonists group [18]. 


15.4.4 Cost-Effectiveness 


Fisher et al. reported that degarelix was the dominant strategy over 
goserelin. However, Lu et al. reported that degarelix did not appear to be 
cost-effective compared to triptorelin plus short-term antiandrogen in the 
management of advanced prostate cancer with incremental cost- 
effectiveness ratio of US$ 69,832/quality-adjusted life years for degarelix 
versus triptorelin [19]. Hatoum et al. performed cost-effectiveness analysis 
using a data from CS21 comparing monthly degarelix with leuprolide. 
Markov model and a 20-year time horizon found the increasing cost- 
effectiveness ratio for degarelix to be US$ 245/quality-adjusted life years. 
They concluded that degarelix provides a cost-effective treatment for ADT 
among patients with locally advanced prostate cancer. The above 
characteristics of LHRH agonists and LHRH antagonists are summarized in 
Table 15.1. 


Table 15.1 LHRH agonist vs. LHRH antagonist for prostate cancer 


| LHRH agonists LHRH antagonists _| 
Short-term suppression Rapid suppression 

Effective Effective 

Partial suppression 

Every 3-month injection | Monthly injection 
General side effects 
Initial testosterone flare No 
Injection site reactions 

Prostate size change 


15.5 The Switch from LHRH Antagonist to LHRH 
Agonist 
Garnick and Mottet reported this theory in 2012 through a multicenter, 
open-label design study [20]. A total of 176 patients with localized prostate 
cancer and a PSA level <10 ng/mL were enrolled into the study. After 
administration of abarelix for 3 months, subjects were switched to 
administration of leuprolide or goserelin monthly. The primary end point 
was obtaining and maintaining serum testosterone levels until day 141 at 
<50 ng/dL. Ninety four percent of patients had obtained the castration 
levels of testosterone at day 85. During the switch over period, the 
percentage of patients obtaining the castrate levels of testosterone decreased 
to 87% at day 7 but increased again to 93% after injection of the LHRH 
agonist. 

Miyazawa et al. reported this theory about degarelix [21]. They enrolled 
40 prostate cancer patients who were treated initially with degarelix and 
were switched to leuprolide later. The patients were divided into three 
groups according to the time of conversion to leuprolide: 3-month, 2- 
month, and 1-month group. A mild and short period testosterone surge was 


reported in 8.3%. FSH and LH levels were significantly higher in 1-month 
group compared with 2- or 3-month group. The clinical symptoms were not 
worsening around switching time in any patients. 

Degarelix is available only as 1-month depot and requires monthly 
dosing. This has been a problem for doctors and patients. In contrast, the 
present LHRH agonists can be administered every 3 months. Three-month 
formulation can reduce the number of visits, as well as the number of 
injections. Therefore, switching from LHRH antagonist to LHRH agonist 
appears to be a reasonable therapeutic option in prostate cancer patients 
without metastatic. Besides, there is no need to treat with antiandrogens 
additionally. 


15.6 Summary 


e The comparison of the oncological outcome between LHRH agonist 
and LHRH antagonist is not fully evaluated yet. 


e Both LHRH agonist and LHRH antagonist were able to maintain 
testosterone to castration levels, and no significant differences were 
found regarding PSA level. 


e LHRH antagonists suppress testosterone to castration level in a higher 
percentage in the beginning compared to LHRH agonist. 


e General side effects were comparable between LHRH agonist and 
LHRH antagonist. 


e LHRH agonists result in an initial flare of LH and testosterone levels. 


e LHRH antagonists induce more injection site reactions than LHRH 
agonists and lack of long-acting delivery systems. 


e Prostate volume reduction was similar between LHRH agonist and 
LHRH antagonist though lower urinary tract symptoms improved 
more in LHRH antagonist. 


References 


Tolis G, Ackman D, Stellos A, Mehta A, Labrie F, Fazekas AT, et al. Tumor growth inhibition in 


patients with prostatic carcinoma treated with luteinizing hormone-releasing hormone agonists. 
Proc Natl Acad Sci U S A. 1982;79(5):1658-62. 
[Crossref] 


Mathe G, Schally AV, Comaru-Schally AM, Mauvernay RY, Vovan ML, Machover D, et al. 
Phase II trial with D-Trp-6-LH-RH in prostatic carcinoma: comparison with other hormonal 
agents. Prostate. 1986;9(4):327—42. 

[Crossref] 


Tsushima T, Nasu Y, Saika T, Maki Y, Noda M, Suyama B, et al. Optimal starting time for 
flutamide to prevent disease flare in prostate cancer patients treated with a gonadotropin- 
releasing hormone agonist. Urol Int. 2001;66(3):135-9. 

[Crossref] 


Rick FG, Block NL, Schally AV. Agonists of luteinizing hormone-releasing hormone in prostate 
cancer. Expert Opin Pharmacother. 2013;14(16):2237-47. 
[Crossref] 


Gonzalez-Barcena D, Vadillo-Buenfil M, Gomez-Orta F, Fuentes Garcia M, Cardenas-Cornejo I, 
Graef-Sanchez A, et al. Responses to the antagonistic analog of LH-RH (SB-75, Cetrorelix) in 
patients with benign prostatic hyperplasia and prostatic cancer. Prostate. 1994;24(2):84—92. 
[Crossref] 


Gonzalez-Barcena D, Vadillo-Buenfil M, Cortez-Morales A, Fuentes-Garcia M, Cardenas- 
Cornejo I, Comaru-Schally AM, et al. Luteinizing hormone-releasing hormone antagonist 
cetrorelix as primary single therapy in patients with advanced prostatic cancer and paraplegia 
due to metastatic invasion of spinal cord. Urology. 1995;45(2):275-81. 

[Crossref] 


Rick FG, Block NL, Schally AV. An update on the use of degarelix in the treatment of advanced 
hormone-dependent prostate cancer. Onco Targets Ther. 2013;6:391—402. 
[Crossref] 


Klotz L, Boccon-Gibod L, Shore ND, Andreou C, Persson BE, Cantor P, et al. The efficacy and 
safety of degarelix: a 12-month, comparative, randomized, open-label, parallel-group phase III 
study in patients with prostate cancer. BJU Int. 2008;102(11):1531-8. 

[Crossref] 


Clinton TN, Woldu SL, Raj GV. Degarelix versus luteinizing hormone-releasing hormone 
agonists for the treatment of prostate cancer. Expert Opin Pharmacother. 2017;18(8):825-32. 
[Crossref] 


10. Albertsen PC, Klotz L, Tombal B, Grady J, Olesen TK, Nilsson J. Cardiovascular morbidity 


11. 


12. 


associated with gonadotropin releasing hormone agonists and an antagonist. Eur Urol. 
2014;65(3):565—73. 
[Crossref] 


Radu A, Pichon C, Camparo P, Antoine M, Allory Y, Couvelard A, et al. Expression of follicle- 
stimulating hormone receptor in tumor blood vessels. N Engl J Med. 2010;363(17):1621-30. 
[Crossref] 


Klotz L, Miller K, Crawford ED, Shore N, Tombal B, Karup C, et al. Disease control outcomes 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


from analysis of pooled individual patient data from five comparative randomised clinical trials 
of degarelix versus luteinising hormone-releasing hormone agonists. Eur Urol. 2014;66(6):1101— 
8. 

[Crossref] 


Lee D, Nielsen SK, van Keep M, Andersson F, Greene D. Quality of life improvement in 
patients treated with degarelix versus leuprorelin for advanced prostate cancer. J Urol. 
2015;193(3):839-46. 

[Crossref] 


Tombal B, Miller K, Boccon-Gibod L, Schroder F, Shore N, Crawford ED, et al. Additional 
analysis of the secondary end point of biochemical recurrence rate in a phase 3 trial (CS21) 
comparing degarelix 80 mg versus leuprolide in prostate cancer patients segmented by baseline 
characteristics. Eur Urol. 2010;57(5):836—42. 

[Crossref] 


Mason M, Maldonado Pijoan X, Steidle C, Guerif S, Wiegel T, van der Meulen F, et al. 
Neoadjuvant androgen deprivation therapy for prostate volume reduction, lower urinary tract 
symptom relief and quality of life improvement in men with intermediate- to high-risk prostate 
cancer: a randomised non-inferiority trial of degarelix versus goserelin plus bicalutamide. Clin 
Oncol. 2013;25(3):190-6. 

[Crossref] 


Anderson J, Al-Ali G, Wirth M, Gual JB, Gomez Veiga F, Colli E, et al. Degarelix versus 
goserelin (+ antiandrogen flare protection) in the relief of lower urinary tract symptoms 
secondary to prostate cancer: results from a phase IIIb study (NCT00831233). Urol Int. 
2013;90(3):321-8. 

[Crossref] 


Axcrona K, Aaltomaa S, da Silva CM, Ozen H, Damber JE, Tanko LB, et al. Androgen 
deprivation therapy for volume reduction, lower urinary tract symptom relief and quality of life 
improvement in patients with prostate cancer: degarelix vs goserelin plus bicalutamide. BJU Int. 
2012;110(11):1721-8. 

[Crossref] 


Sciarra A, Fasulo A, Ciardi A, Petrangeli E, Gentilucci A, Maggi M, et al. A meta-analysis and 
systematic review of randomized controlled trials with degarelix versus gonadotropin-releasing 
hormone agonists for advanced prostate cancer. Medicine. 2016;95(27):e3845. 

[Crossref] 


Lu L, Peters J, Roome C, Stein K. Cost-effectiveness analysis of degarelix for advanced 
hormone-dependent prostate cancer. BJU Int. 2012;109(8):1183-92. 
[Crossref] 


Garnick MB, Mottet N. New treatment paradigm for prostate cancer: abarelix initiation therapy 
for immediate testosterone suppression followed by a luteinizing hormone-releasing hormone 
agonist. BJU Int. 2012;110(4):499-504. 

[Crossref] 


Miyazawa Y, Kato H, Arai S, Furuya Y, Sekine Y, Nomura M, et al. Clinical endocrinological 
evaluation of the gonadal axis (testosterone, LH and FSH) in prostate cancer patients switched 


from a GnRH antagonist to a LHRH agonist. Basic Clin Androl. 2015;25:7. 
[Crossref] 


© Springer Nature Singapore Pte Ltd. 2018 
Choung Soo Kim (ed.), Management of Advanced Prostate Cancer, https://doi.org/10.1007/978-981- 
10-6943-7_16 


16. Abiraterone or Enzalutamide in 
Chemotherapy-Naive Metastatic CRPC 


Ho Seok Chung’ and Taek Won Kang'™ 


(1) Department of Urology, Chonnam National University Medical School, 
Gwangju, South Korea 


= Ho Seok Chung 


&4 Taek Won Kang (Corresponding author) 


16.1 Introduction 


The current standard of care for metastatic prostate cancer is androgen 
deprivation therapy (ADT); however, after 5 years, significant patients 
undergo disease progression despite hormonal manipulation and castrate 
testosterone levels [1, 2]. Multiple new treatment agents have been developed 
for men with metastatic castration-resistant prostate cancer (mMCRPC) 
including chemotherapeutic agents, such as docetaxel and cabazitaxel [3-5]. 
Docetaxel and cabazitaxel are the only US Food and Drug Administration 
(FDA)-approved chemotherapeutic agents for the mCRPC treatment, 
decrease PSA levels, and palliate symptoms, but survival benefits are limited. 
Also, use of systemic chemotherapy generally be reserved for men with 
symptomatic mCRPC and may be limited by the presence of pre-existing 
medical conditions and the risk of developing adverse effects [6]. Because 
the androgen receptor (AR) activates PSA gene expression, more 
understanding of the role of the AR in prostate cancer progression has led to 
the improvement of treatment strategies to further suppress AR signaling in 


mCRPC [7]. Both abiraterone acetate and enzalutamide have been studied 
and shown to prolong overall survival in large phase III trials in the 
chemotherapy-naive mCRPC settings. 


16.2 Abiraterone in Chemotherapy-Naive mCRPC 


Abiraterone acetate is an inhibitor of cytochrome P-450 c17, a critical 
enzyme in extragonadal and testicular androgen synthesis, thereby stopping 
the testes and the tissues in the body from making androgen [8—10]. Until 
recently, only one study (COU-AA-302) was identified for the treatment of 
abiraterone in patients with chemotherapy-naive mCRPC. This study 
compared abiraterone plus prednisone with placebo plus prednisone (referred 
to as “abiraterone” or “prednisone,” respectively) in chemotherapy-naive 
mCRPC [11-16]. In the COU-AA-302 study, 1088 chemotherapy-naive 
asymptomatic or mildly symptomatic mCRPC patients without visceral 
metastases were randomized in a 1:1 ratio (546 were assigned to abiraterone 
and 542 to prednisone). Patients received abiraterone acetate 1 g (four 250- 
mg tablets) or four placebo tablets orally once daily at least 1 h before and 2 
h after a meal and prednisone 5 mg orally twice daily [15]. The median 
follow-up duration was 49.2 months (Table 16.1). 


Table 16.1 Study characteristics of abiraterone or enzalutamide in chemotherapy-naive metastatic 


CRPC 
Experiment (Control (n) Median/mean age, 
years 


Pema a (ng/mL) 


COU-AA- |Abiraterone |Prednisone 5 |71.0 pasa — 0 42.0/37.7 |Bone only: 274 
i 95) (44- (51%)/267 (49%) 
j j 90) Soft tissue or node: 
267 (49%)/271 
i (50%) 
No visceral 
metastasis 


Median/mean age, Medical (Sites of metastasis, Median 
years PSA n 
level 


Treatment (ng/mL) 


72 (43— [|71 (42—|54.1/44.2 |Bone: 741 

93) 93) (85.0%)/690 
(81.7%) 
Lymph node: 
437(50.1%)/434 
(51.4%) 
Visceral disease 
(lung or liver): 98 
(11.2%)/106(12.5%) 


TERRAIN |Bicalutamide |Enzalutamide |71 (48— |71 (50—|22/21 Bone only: 

[14] 50 mg daily |160 mg daily |91) 96) 83(45%)/92(48%) 
Soft tissue only: 
36(20%)/29 (15%) 
Bone and soft 
tissue: 64(35%)/69 
(36%) 


Median overall survival (OS) in the abiraterone group was significantly 
longer than in the prednisone group (34.7 months [95% CI 32.7—36.8] vs. 
30.3 months [28.7—33.3]; HR 0.81 [95% CI 0.70-0.93]; p = 0.0033) [12]. 
Patients receiving abiraterone compared with prednisone had statistically 
significant improvement in radiographic progression-free survival (rPFS) (p 
< 0.0001), with a median time to disease progression or death of 16.5 vs. 8.2 
months, respectively (HR 0.52 [95% CI, 0.45-0.61]; p < 0.0001) [14]. 
Health-related quality of life (HRQoL) was assessed with the Functional 
Assessment of Cancer Therapy-Prostate (FACT-P) questionnaire. Median 
time to HRQoL deterioration (i.e., a decrease from baseline in the FACT-P 
total score by ten points or more) was longer in patients assigned to 
abiraterone group than prednisone group as assessed by the FACT-P total 
score (12.7 months [95% CI 11.1—14.0] vs. 8.3 months [7.4—10.6]; HR 0.78 
[95% CI 0.66—0.92]; p = 0.003) [16]. More adverse events (AEs) were 
observed in the abiraterone group. In all, grade 3 or 4 AEs were observed in 
290 patients (54%) in the abiraterone group and 236 patients (44%) in the 
prednisone group [12]. The most common grade 3-4 adverse events of 
special interest were cardiovascular disorders (8% in the abiraterone group 
vs. 4% in the placebo group), increased alanine aminotransferase (6 vs. 
<1%), and hypertension (5 vs. 3%) [12]. Elderly patients (n = 350) treated 


with abiraterone-prednisone showed significant improvements in OS and 
rPFS than prednisone alone (HR 0.71 [95% CI 0.53—0.96] and HR 0.63 [95% 
CI 0.48—0.83], respectively), similar to younger patients (n = 738, HR 0.81 
[95% CI 0.63-1.03] and HR 0.49 [95% CI 0.40-0.59], respectively) [11]. 


16.3 Enzalutamide in Chemotherapy-Naive mCRPC 


Enzalutamide (formerly known as MDV3100) is a targeted AR inhibitor that 
overcomes resistance to conventional antiandrogens that competitively binds 
to the ligand-binding domain of the androgen receptor and inhibits androgen 
receptor translocation to the cell nucleus, recruitment of androgen receptor 
cofactors, and androgen receptor binding to DNA [17, 18]. 

One study (PREVAIL) compared enzalutamide with placebo in 
chemotherapy-naive mCRPC [19, 20]. In this study, a total of 1717 patients 
(12% of the included patients had visceral metastases) were enrolled with 
randomly assigned to receive either oral enzalutamide (at a dose of 160 mg) 
or placebo once daily with or without food (872 in the enzalutamide group 
and 845 in the placebo group). Continued ADT was required. Previous 
antiandrogen therapy and concurrent use of glucocorticoids were permitted 
but not required. This study was stopped after the planned interim analysis, 
because of the observed benefit of the active treatment in the two co-primary 
outcomes rPFS and OS. The median follow-up duration was approximately 
22 months. 

The rate of rPFS at 12 months was 65% in the enzalutamide group, as 
compared with 14% in the placebo group (81% risk reduction; HR 0.19 [95% 
CI, 0.15-0.23]; P < 0.001) [20]. A total of 626 patients (72%) in the 
enzalutamide group, as compared with 532 patients (63%) in the placebo 
group, were alive at the data cutoff date (HR 0.71 [95% CI, 0.60—0.84]; p < 
0.001) [20]. HRQoL was assessed at baseline and during treatment using the 
FACT-P and EuroQol-5 Dimension (EQ-5D) questionnaires. Median time to 
deterioration in FACT-P total score was 11.3 months (95% CI 11.1—13.9) in 
patients with enzalutamide and 5-6 months (5.5-5.6) in patients with placebo 
(HR 0.62 [95% CI 0.54-0.72]; p < 0.0001) [19]. The enzalutamide group 
showed clinically meaningful improvements than the placebo group in 
FACT-P total score (327 [40%] of 826 vs. 181 [23%] of 790) and in EQ-5D 
utility index (224 [28%] of 812 vs. 99 [16%] of 623) [19]. AEs grade 3 or 
higher was reported in 43% in the enzalutamide group, as compared with 
37% in the placebo group [20]. In enzalutamide group, the most common 


grade 3 or higher event and cardiac event was hypertension (7%) and atrial 
fibrillation (2%), respectively [20]. One patient in each group had a seizure. 
In patients with visceral metastases, an increase OS was observed in patients 
treated with enzalutamide compared to placebo with a HR of 0.82 (95% CI 
0.55-1.23) [20]. 

One study (TERRAIN) compared bicalutamide with enzalutamide in 
patients with chemotherapy-naive mCRPC [21]. Another study (STRIVE) 
evaluated enzalutamide compared with bicalutamide in chemotherapy-naive 
prostate cancer patients, but this study included non-metastatic patients [22]. 
In the TERRAIN study, 375 asymptomatic or mildly symptomatic patients 
with at least two bone lesions or soft tissue metastases were randomly 
assigned to receive enzalutamide 160 mg/day or bicalutamide 50 mg/day in 
addition to ADT, both taken orally until disease progression (184 to 
enzalutamide and 191 to bicalutamide) [21]. Median follow-up time was 20.0 
months (IQR 15.0—25.6) in the enzalutamide group and 16.7 months (10.2- 
21.9) in the bicalutamide group. 

OS was not reported in this study. Patients in the enzalutamide group had 
significantly improved median PFS (15.7 months [95% CI 11.5-19.4]) 
compared with patients in the bicalutamide group (5.8 months [4.8-8.1]; HR 
0.44 [95% CI 0.34-0.57]; p < 0:0001) [21]. Time to FACT-P total score 
deterioration was longer for patients in the enzalutamide group than for those 
in the bicalutamide group (median 13.8 months [95% CI 11.1—22] for 
patients in the enzalutamide group vs. 8.5 months [5.8—11.3] for patients in 
the bicalutamide group; p = 0.0067) [21]. The grade 3 or more AEs were 
observed in 40% (73/183) of the enzalutamide group and 38% (72/189) of 
the bicalutamide group had AEs. Serious AEs were reported by 31% 
(57/183) and 23% (44/189) in the enzalutamide and bicalutamide groups, 
respectively [21]. One of the nine deaths in the enzalutamide group was 
regarded as to be possibly related to treatment (due to systemic inflammatory 
response syndrome) compared with none of the three deaths in the 
bicalutamide group. 

Differences in the patient selection and dividing subgroups in these 
studies can inform treatment options indirectly to the physicians. The 
previously stated studies with abiraterone or enzalutamide restricted 
inclusion to asymptomatic and minimally symptomatic chemotherapy-naive 
mCRPC patients, to verify the role in the pre-chemotherapy setting. The 
phase I ALLIANCE study (NCT01949337), adding abiraterone in patients 
treated with enzalutamide, is currently under investigation. Because of these 


novel agents developed within a short period of time, prospective data of 
their effective sequential use are insufficient. The clinical challenge now is to 
reach a consensus on the ideal way to sequence effective treatments, by the 
individual use to specific patient subgroups [23]. 


16.4 Summary 


So far, the evidence for optimal treatment of OS and PFS in chemotherapy- 
naive patient with mCRPC was verified as abiraterone plus prednisone and 
enzalutamide. Treatment options excluding abiraterone plus enzalutamide 
would be considered for individual situation by considering the quality of 
studies, patient selection, and both HRQoL and AEs. These new agents may 
provide an effective, convenient, less toxic treatment for chemotherapy-naive 
mCRPC. The sequence and combination of treatment options in 
chemotherapy-naive patients with mCRPC is still a clinical challenge. Novel 
AR-targeting agents especially abiraterone and enzalutamide comparted with 
each other in head to head clinical trials could help to the selection for the 
patients with chemotherapy-naive mCRPC. 
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17.1 Introduction 


Most prostate cancer patients treated with androgen deprivation therapy 
(ADT) as systemic therapy will develop castration-resistant prostate cancer 
(CRPC). CRPC is most frequently characterized by a rise in serum prostate- 
specific antigen (PSA) levels over time in the context of low (< 50 ng/mL) 
serum testosterone levels. Expression of PSA is typically regulated by the 
androgen receptor (AR), supporting a role for AR in CRPC. The biological 
significance of CRPC is that an important mechanism of CRPC is the 
upregulation of intracellular androgen and/or androgen receptor (AR), 
leading to sustained AR-directed growth of prostate cancer despite a 
castrate level of serum androgens [1]. Thus, patients with CRPC are usually 
sensitive to sequential “secondary” hormonal therapies directed at AR 
inhibition. The treatment landscape for CRPC has expanded in the past 
decade to include several novel agents. These novel therapies have been 
directed specifically against CRPC, including abiraterone acetate (AA) and 
enzalutamide [2, 3]. The recent US Food and Drug Administration (FDA)- 
approved enzalutamide (Xtandi) and abiraterone (Xytiga) based on 


researches showed improvement of survival in the treatment for CRPC after 
chemotherapy. The present article reviews recent advances of the novel AR- 
targeted therapeutic agents for CRPC. 


17.2 Enzalutamide 
17.2.1 Understanding for Mechanism of Actions 


The new AR antagonist, enzalutamide is a second-generation AR 
antagonist, found in in vitro and murine models. It has ability to inhibit AR 
signaling in the cells of overexpressed ARs with high binding affinity to the 
androgen [4, 5]. Unlike former antiandrogens, enzalutamide targets multiple 
stages of the androgen-signaling pathway (Fig. 17.1). Ina LNCaP/AR 
castration-resistant human prostate cancer cell model, enzalutamide bound 
to the AR showed an eightfold greater affinity than bicalutamide. AR binds 
with high affinity to enzalutamide and translocates much less efficiently 
into the nucleus, and important AR fractions remain in the cytoplasm. 
Enzalutamide induced regression of established LNCaP/AR xenograft 
tumor cells, which overexpressed ARs, in castrated male mice model [6]. 
On the other hand, bicalutamide treatment was shown to only retard the 
growth of tumor. Enzalutamide blocked induction of PSA and 
transmembrane serine protease 2, leading a lack of agonist activity. 
Furthermore, cancer regression in the patient treated with enzalutamide is 
also associated with the evidence of cancer cell apoptosis [6]. 


y Testosterone 
DA Androgen receptor 


Fig. 17.1 Mechanism of action of enzalutamide. Enzalutamide has multiple targets in the androgen- 
signaling pathway and mainly blocks androgen receptor (AR) 


17.2.2 Clinical Study of Enzalutamide 


Based on the encouraging results of the phase I/II trial, results of the phase 
I/II study, a phase III double-blinded, placebo-controlled trial (AFFIRM— 
A Study Evaluating the Efficacy and Safety of the Investigational Drug 
MDV3100) was performed. A total of 1199 men with mCRPC from 166 
sites were randomized in a 2:1 manner to be treated with either 
enzalutamide 160 mg daily (n = 800) or placebo (n = 399) [7]. The primary 
end point was overall survival (OS). Patients receiving placebo were able to 


cross over with enzalutamide. After 14 months, the median OS was 
significantly improved in the enzalutamide arm versus the placebo arm, 
which found a median OS of 18.4 months in the enzalutamide arm and 13.6 
months in the placebo arm (hazard ratio [HR]: 0.63; 95% CI 0.53-0.75; p < 
0.001). 

Enzalutamide also outperformed placebo in all of the predetermined 
secondary end points with statistical significance: PSA reduction of more 
than 50% (54 in the enzalutamide arm vs. 2% in the placebo arm; p < 
0.001), soft-tissue response rate (29 in the enzalutamide arm vs. 4% in the 
placebo arm; p < 0.001), quality-of-life response rate (43 in the 
enzalutamide arm vs. 18% in the placebo arm; p < 0.001), time to PSA 
elevation (8.3 in the enzalutamide arm vs. 3.0 months in the placebo arm; 
HR, 0.25; 95% CI 0.20-0.30; p < 0.001), radiographic progression-free 
survival (PFS) (8.3 in the enzalutamide arm vs. 2.9 months in the placebo 
arm; HR, 0.40; 95% CI 0.35-0.47; p < 0.001), and the time to the first 
skeletal-related event (16.7 in the enzalutamide arm vs. 13.3 months in the 
placebo arm; HR, 0.69; 95% CI 0.57—0.84; p < 0.001). The patients treated 
with enzalutamide were well tolerated in this trial, with the most common 
adverse events being fatigue, diarrhea, and hot flashes. Five of the 800 
patients had seizures—several of whom had predisposing conditions such 
as brain metastases or concomitant medications that lower the seizure 
threshold, with one additional patient having a seizure after data lock (<1% 
risk) [7, 8]. 


17.3 Abiraterone Acetate 
17.3.1 Understanding for Mechanism of Actions 


Adrenal androgen is converted and uptake in patients treated with ADT, 
resulting in residual intratumoral androgen. And de novo synthesis from 
cholesterol or progesterone precursors within the tumor is the cause of the 
production of residual androgen [9, 10]. The critical enzyme required for 
androgen synthesis from cholesterol is CYP17A. Expression of CYP17A in 
the adrenal gland accounts for existing circulating adrenal androgens, as 
well as dehydroepiandrosterone (DHEA) and androstenedione (AED), and 
the results of several studies have supported the expression of CYP17A in 
castration-resistant prostate tumors [11]. Abiraterone acetate blocks 


androgen biosynthesis via inhibiting of 17a-hydroxylase/C17, 20-lyase 
(CYP17). These enzymes, which are required for androgen biosynthesis, 
are expressed in the testis, adrenal gland, and prostate. CYP17A has arisen 
as a main target of novel therapeutics. 

Another suggested mechanism of action is that abiraterone inhibits AR 
itself, as well as other AR pathway targets including the enzyme named 3ß- 
hydroxysteroid dehydrogenase (3B-HSD), which is required for androgen 
biosynthesis. Regarding its activity against 3B-HSD type I, abiraterone was 
demonstrated that it inhibits two key reactions mediated by 3B-HSD type I, 
the conversion of DHEA to AED and of 5a-androstanediol to testosterone, 
inhibiting AR-regulated gene expression [12] (Fig. 17.2). 
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Fig. 17.2 Mechanism of action of Abiraterone acetate inhibits androgen synthesis in testicular, 
adrenal, and prostatic tumor tissues 


17.3.2 Clinical Study for CRPC Following 
Chemotherapy 


In men with metastatic CRPC following chemotherapy, a phase II single- 
agent study of abiraterone, in which only 17% of patients were treated with 
prior ketoconazole, reported that PSA decreased by more than 50% in 51% 
of patients, with partial radiographic responses in 27% of patients and a 
median time to progression of 24 weeks [13]. In a phase II study of 
abiraterone combined with prednisone, PSA declines of more than 50% 
were observed in 36% of patients (47% of patients were treated with prior 
ketoconazole) with a median time to progression of 24 weeks [14]. 

Based on the positive results of phase I/II, phase III studies were 
conducted with the 1195 eligible patients. Of these, 797 were randomly 
assigned to abiraterone arm (abiraterone acetate with prednisone) and 398 
to placebo arm (placebo with prednisone). At median follow-up (20.2 
months, interquartile range [IQR] 18.4—22.1), median OS for the 
abiraterone arm was longer than in the placebo arm (15.8 months, in the 
abiraterone arm vs. 11.2 months in the placebo arm; HR 0-74, 95% CI 0.64— 
0.86; p < 0:0001). Median time to PSA progression (8.5 months in the 
abiraterone arm vs. 6.6 months in the placebo arm; HR 0.63, 95% CI 0.52— 
0.78; p < 0-0001), median radiologic PFS (5.6 months in the abiraterone 
arm vs. 3.6 months in the placebo arm; HR 0-66, 95% CI 0:58-0:76; p < 
0-0001), and proportion of patients who had a PSA response (29.5% in the 
abiraterone arm vs. 5.5% in the placebo arm; p < 0:0001) were all improved 
in the abiraterone arm compared with the placebo arm. Fatigue (9% in the 
abiraterone arm vs. 10% in the placebo arm), anemia (8% in the abiraterone 
arm vs. 8% in the placebo arm), back pain (7% in the abiraterone arm vs. 
10% in the placebo arm), and bone pain (6% in the abiraterone arm vs. 8% 
in the placebo arm) are the most common adverse events. These results 
confirm that abiraterone acetate significantly prolongs overall survival in 
patients with CRPC following docetaxel treatment [15]. 


17.4 Selection for the Treatment of CRPC 


Both enzalutamide and abiraterone acetate have now been approved by 
FDA for the post-chemotherapy mCRPC. Current NCCN guidelines 
suggest that either enzalutamide or abiraterone acetate is a reasonable 


choice in this setting. However there is currently a paucity of evidence with 
regards to the first-line treatment of choice, as well as to the optimal 
sequencing for these therapies. Importantly, no randomized head-to-head 
trials of enzalutamide and abiraterone acetate have been conducted to date. 

Recently published one meta-analysis suggested remarkable results 
[16]. Pairwise meta-analysis was conducted to gain direct evidence, and 
network meta-analysis to gain indirect evidence. Remarkably, enzalutamide 
and abiraterone were both significantly improve OS, compared to control 
group. Enzalutamide was the most effective agent in improvement of OS 
(HR = 0.71), and abiraterone seemed to be less effective compared with 
enzalutamide (HR = 0.78). Enzalutamide improved PFS (HR = 0.36), but 
abiraterone did not significantly improve PFS compared with control 
groups. Enzalutamide (HR = 0.20) and abiraterone (HR = 0.56) both 
significantly extend times to PSA progression [16]. 

Both drugs are effective for CRPC patients, but two drugs have cross- 
resistance mechanism. If the disease progresses while using one of the two 
drugs, it may not be effective changing to another drug due to resistance. 
Further prospective studies about sequential treatment or combination 
therapy of enzalutamide and abiraterone needed. 


17.5 Summary 


e The recent US Food and Drug Administration (FDA)-approved 
enzalutamide (Xtandi) and abiraterone (Xytiga) based on researches 
showed improvement of survival in the treatment for CRPC after 
chemotherapy. 


e Enzalutamide is a second-generation AR antagonist, found to have 
ability to inhibit multiple steps in the androgen-signaling pathway with 
high binding affinity to the AR targets 


e Abiraterone acetate blocks androgen biosynthesis via inhibiting of 
17a-hydroxylase/C17, 20-lyase (CYP17). These enzymes, which are 
required for androgen biosynthesis, are expressed in the testis, adrenal 
gland, and prostate. 


e In randomized phase III clinical trial, the enzalutamide and abiraterone 
extended survival in men with metastatic CRPC after chemotherapy. 


e Until now, no consensus has been reached regarding the agent that 
provides the best oncological outcomes among the two agents for the 
treatment of metastatic CRPC after chemotherapy. 


e Enzalutamide and abiraterone are effective for CRPC patients, but two 
drugs have cross-resistance mechanism. If the disease progresses while 
using one of the two drugs, it may not be effective changing to another 
drug due to resistance. 
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18.1 Introduction 


Prostate cancer (PCa) is one of the leading malignant causes of death in 
men globally, with an incidence of 1,095,000 new cases diagnosed each 
year causing 307,000 cancer-specific deaths in 2012 [1]. Many patients with 
PCa can be cured with local treatments, but approximately one-third of 
them will ultimately become a progressive disease, which will be 
characterized by increasing prostate-specific antigen (PSA) levels. 
Androgen deprivation therapy (ADT) including surgical or medical 
castration has been regarded as primary systemic therapy for metastatic PCa 
for more than 50 years. Surgical castration is the traditional treatment 
option which means bilateral orchiectomy. Nowadays, medical castration 
with gonadotropin-releasing hormone (GnRH) analogues and/or 
antiandrogen which suppresses testosterone production is the most common 
option in primary ADT. 

However, despite initial treatment shows efficacy in most patients with 
PCa at first, the further progression which is indicated by either increasing 
PSA levels or new sites of metastasis is usually detectable within 18—24 


months [2]. Treatment options for patients are limited when PCa becomes 
refractory to primary ADT, and the patients complain of bone pain, general 
weakness, or cachexia, and accordingly the life expectancy is shortened, 
with a median overall survival of 2 years [2—4]. 

Interestingly, in many cases, after experiencing disease progression on 
primary ADT, the patients with further secondary hormonal manipulations 
demonstrate biochemical and/or clinical responses. Recently many articles 
have been published demonstrating that PCa showing clinical progression 
during ADT is not truly resistant to the androgen effects. As a result of 
molecular adaptations after ADT, hypersensitivity PCa cell to low androgen 
levels induces persistent signaling-mediated growth through the androgen 
receptor (AR) [5]. Therefore, “hormone refractory” PCa seems to be 
inappropriate, and it would be more accurate to name these cancers as the 
castration-resistant PCa (CRPC). Second-line hormonal maneuvers 
traditionally include combined androgen blockade (CAB), antiandrogens 
alone, antiandrogen withdrawal, glucocorticoids, ketoconazole, and 
estrogens. Although these agents could not show definite improvement in 
cancer-specific survival, these secondary hormonal maneuvers consistently 
demonstrate biochemical/clinical benefits in most CRPC patients. However, 
the duration of response is short, therapeutic result is limited, and the 
mechanisms of action are generally nonspecific except for antiandrogens 
[6]. Herein, this review summarizes the current secondary hormone 
therapies in the management of CRPC. 


18.1.1 Second-Line Antiandrogens and 
Antiandrogen Withdrawal 


Several antiandrogen therapy regimens when initial ADT becomes 
ineffective are the following: CAB, antiandrogens alone, or antiandrogen 
withdrawal. Deferred use of antiandrogens after PCa progression has shown 
a 50% or greater decrease in PSA in 80% of patients with localized disease 
and 54% of those with metastatic disease [7]. Fossa et al. showed that 
deferred flutamide resulted in 50% or greater PSA decrease in 23% of 
symptomatic CRPC patients [8]. 

Second-line antiandrogen monotherapy can lead to a PSA response of 
50% or greater in 4—50% of patients. The response duration of treatment is 
4.0—11.0 months. The adverse effects of antiandrogen monotherapy include 


breast pain/tenderness and gynecomastia. These symptoms can be 
prevented with prophylactic breast irradiation [9—14]. Particularly, 20-40% 
of the patients who received prior flutamide therapy have PSA decreases of 
50% or greater after being treated with high doses of bicalutamide (150— 
200 mg) [2]. Joyce et al. reported a similar result regarding nilutamide, with 
a PSA decrease of 50% or greater in 29% of PCa [12]. 

Antiandrogens often begin to have AR agonist activity partially after its 
prolonged use. Accordingly, antiandrogen discontinuation in CRPC leads to 
antiandrogen withdrawal syndrome (AAWD), which means PSA declines 
after antiandrogen discontinuation with symptomatic improvement [15-17]. 
AAWD results in a PSA decline of 50% or greater in 10—15% of cases, with 
responses lasting a median of 6 months [17, 18]. Notably, however, survival 
benefits in these patients are very low despite a significant decrease in the 
PSA level [18]. 


18.1.2 Steroid Hormone Manipulation 


Ketoconazole which is an oral antifungal agent was first described to have 
activity in PCa over 30 years ago and has long been used off-label in the 
treatment of CRPC prior to docetaxel. It blocks androgen synthesis by 
inhibiting the C17, 20-desmolase enzyme which is a key microsomal 
cytochrome P450-dependent enzyme. C17, 20-desmolase enzyme is 
necessary for adrenal androgen and testosterone biosynthesis. Accordingly, 
ketoconazole suppresses the production of testosterone, glucocorticoids, 
mineralocorticoids, and estrogens. It is also reported that ketoconazole has 
direct cytotoxic effects on PCa cells by inhibiting DNA synthesis in vitro 
and possibly inducing GO/G1 cell cycle arrest in other cancers [19, 20]. 
High-dose ketoconazole therapy with 400 mg three times daily and 
replacement hydrocortisone has become the standard dose schedule [21]. 
Aminoglutethimide has the pharmacologic action inhibiting the steroid 
biosynthesis from cholesterol to pregnenolone. For the most part, 
ketoconazole took the place of aminoglutethimide because of its several 
side effects [6]. Thirty to sixty percent of CRPC cases showed clinical 
benefit from ketoconazole, with a median response duration of 7 months [6, 
18, 22, 23]. It has been shown that ketoconazole induces a 50% or greater 
decrease in PSA in 32% of the patients [18]. Very recently, the study 
investigating the clinical efficacy of ketoconazole was performed. It showed 
that the median progression-free survival of the patients treated also 


increased with the number of HSD3B1 variant alleles inherited: 5.4 months 
for 0 variant alleles, 9.7 months for 1, and 15.2 months for 2 [24]. However, 
ketoconazole is often associated with moderate-to-severe adverse effects 
such as hepatotoxicity, lethargy, skin rash, abdominal pain, nausea, 
mucositis, and diarrhea. Additionally, it can result in adverse drug 
interactions through inhibition of the cytochromes p450 in the liver. 
Another recent study regarding low-dose ketoconazole (200 mg PO three 
times daily) reported that the median progression-free survival was 138 
days, and 3 out of 29 patients experienced treatment-related grade 3 side 
effects [21]. 

Corticosteroids may act in a variety of ways in men with prostate 
cancer. As a treatment strategy, corticosteroids represent a minimally toxic, 
low-cost therapy with some activity against prostate cancer and with an 
apparent beneficial effect on quality of life [25]. Therefore, it has been used 
widely in second-line hormonal treatment while the duration of treatment 
response is only a few months. Some studies reported a PSA decline of 
50% or higher in 20% of patients for prednisone or hydrocortisone and in 
up to 60% for dexamethasone [26—28]. The hypothesis of this response is 
assumed that the continuous administration of glucocorticoid leads to 
adrenal insufficiency, which suppresses androgen production from adrenal 
gland. Glucocorticoids have another palliative effect including pain control, 
preventing nausea and vomiting even if duration of its treatment is short. 


18.1.3 Estrogen-Based Treatment 


Diethylstilbestrol (DES) is known as being able to decrease androgen 
production by inhibiting hypothalamic GnRH and pituitary LH production. 
DES has been shown to be an active inhibitor against PCa cell lines [29]. 
Several studies reported that DES decreases PSA level by 50% or more in 
20—40% of patients, with a median duration of 4 months. However, this 
therapeutic success is often accompanied by a substantially increased risk 
of vascular side effects such as cerebrovascular accidents, myocardial 
infarction, and pulmonary embolism [2, 6]. Therefore, concomitant 
anticoagulation agent such as warfarin or aspirin is generally recommended 
when DES is prescribed due to these side effects [6]. However, estrogen 
therapy such as DES has been reported to decrease osteoporosis and bone 
resorption and has potential benefits on cognitive function [30]. 


18.2 Summary 


When PCa becomes a progressive disease despite ADT, there are several 
treatment options; if the patients receive only GnRH, CAB would be 
recommended. If the patients receive CAB, antiandrogens alone or 
antiandrogen withdrawal can be recommended. Ketoconazole and 
glucocorticoids are other agents which interfere with androgen synthesis in 
adrenal gland. DES suppresses androgen production by inhibiting 
hypothalamic and pituitary pathway. It can increase cardiovascular side 
effect but is also known to decrease osteoporosis and bone resorption. 

Many new drugs come to the clinical field now. However, the response 
rates and durations are still limited. The secondary hormonal treatment 
which can result in PSA response for several months can be beneficial to 
CRPC patients although this response has a limited efficacy. 
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19.1 Introduction 


Androgen deprivation therapy (ADT) is the main treatment for advanced 
prostate cancer and is increasingly used in combination with radiotherapy in 
patients with earlier stages of prostate cancer. For many years, 
gonadotropin-releasing hormone (GnRH) agonists have been the ADT 
standard of treatment. There are, however, several drawbacks related to the 
mechanism of action of GnRH agonists. In particular, the initial testosterone 
surge associated with these agents delays the achievement of castration 
levels of testosterone and can produce a flare in clinical symptoms in 
patients with advanced disease [1, 2]. Furthermore, microsurges in 
testosterone levels occur with repeated agonist administration [3]. In this 
context, it is interesting to note that increases in testosterone above 1.1 


nmol/L (32 ng/dL) during agonist treatment were associated with a 
significantly shorter survival free of androgen-independent progression than 
patients who had increases <32 ng/dL [4]. Despite the proven success of 
hormonal therapy, most patients showing an initial response will eventually 
experience disease progression [5]. Cancer that relapses after initial ADT is 
termed androgen-independent or castration-resistant prostate cancer 
(CRPC) [6]. The precise definition of CPRC is, however, controversial. 
Recent European Association of Urology guidelines define CRPC as 
castration levels of testosterone (<1.7 nmol/L [50 ng/dL]) and three 
consecutive rises of PSA, 1 week apart, resulting in two 50% increases over 
the nadir, with a PSA > 2 ng/mL, despite consecutive hormonal 
manipulations [7]. However, other definitions of progression have been 
used. Sharifi et al., for example, defined androgen independence as the first 
sustained increase in PSA level from the PSA nadir after starting ADT [8]. 
Based on this definition, they found that the median time to androgen 
independence was 13—19 months after starting ADT, depending on the 
disease stage at initiation. In patients with metastatic disease, it is estimated 
that >90% will progress to androgen independence within 18—24 months 
[9]. As CRPC carries a much poorer prognosis [10] and might signal the 
need for chemotherapy [11], any delay in the onset of castration resistance 
is clearly desirable. GnRH antagonists represent an alternative form of 
ADT, with a direct and immediate action that allows castration without an 
initial testosterone surge or subsequent microsurges. 


19.2 Osteoporosis 


Widespread androgen ablation therapy applied to an increasing aging 
population, already predisposed to loss of bone mineral density (BMD), has 
caused an epidemic of osteopenia and osteoporosis. More than half of men 
meet the BMD criteria for osteopenia or osteoporosis before the initiation of 
ADT [12]. It has been estimated that 4 years of ADT will place the average 
man in the osteopenic range. Treatment of osteoporosis begins with 
recognition. Daily supplementation of calcium and vitamin D is 
recommended by the National Institutes of Health at doses of 1200—1500 
mg/day and 400 IU/day, respectively [13]. 


19.3 Hot Flashes 


Hot flashes are not life-threatening but are among the most common side 
effects of androgen ablation, affecting between 50% and 80% of patients 
[14]. They are a result of the abrupt withdrawal of sex hormones from the 
circulation, which lowers the temperature set point in the preoptic area of 
the anterior hypothalamus thus causing the peripheral thermoregulatory 
mechanisms to be activated inappropriately. Noted triggers include 
increased ambient temperature, stress, anxiety, and alcohol. Treatment of 
hot flashes should be reserved for those who suffer from them. 


19.4 Sexual Dysfunction (Erectile Dysfunction and 
Loss of Libido) 


The effects of ADT on sexual function were reported to be profound. Loss 
of sexual functioning is not inevitable, however, with up to 20% of men on 
ADT able to maintain some sexual activity [15]. Libido is more severely 
compromised, with approximately 5% of men maintaining a high level of 
sexual interest with ADT [16]. Treatment for loss of libido is extremely 
difficult—if not impossible—for those on ADT. Likewise, medical 
treatments, such as oral phosphodiesterase type 5 inhibitors, or local 
treatments, such as intracavernosal injections of alprostadil, can still be 
effective in selected patients but may not be used over the long term. 


19.5 Cognitive Function 


There is a high suggestion that ADT is linked to subtle but significant 
cognitive declines in men with prostate cancer. In a study of ADT on 
cognitive function [17], after 12 months of ADT, there was a reduction in 
scores pertaining to immediate span of attention, working memory, and 
visual—spatial function when compared with a control group. A review of 
nine studies (but with the largest cohort including only 57 men receiving 
ADT and 51 controls) [18] found that 47-69% of men on ADT experienced 
a decline in at least one cognitive domain, most commonly in visual—spatial 
abilities and executive functioning; however, the individual study findings 
were inconsistent [19]. 


19.6 Changes in Body Habitus 


A loss of muscle mass and increase in body fat are common in men treated 
with ADT, and these changes are most pronounced with the initiation of 
ADT. After 1 year of ADT, the mean overall weight increases from 1.8% to 
3.8%, which translates into about 2 kg for a 90 kg man [20]. Regular 
exercise may help patients limit the accumulation of fat and even prevent 
prostate cancer progression. 


19.7 Diabetes and Metabolic Syndrome 


It is well established today that low testosterone levels in men are 
associated with insulin resistance and type 2 diabetes mellitus. In fact, there 
is a complex and multiparametric correlation between testosterone 
deficiency and obesity, which represents a risk factor for cardiovascular 
disease [21, 22]. Furthermore, studies have shown that testosterone 
replacement treatment improves insulin sensitivity and glycemic profiles in 
hypogonadal men. 

Evidence regarding insulin sensitivity in patients treating ADT is 
limited, and the studies are quite heterogeneous as to design (different types 
of ADT, short and long duration, presence or absence of control group, etc.) 
and the results are controversial. Nevertheless, it seems that ADT decreases 
insulin sensitivity in nondiabetic men within 12 weeks of initiating 
treatment [23-26]. The exact mechanism by which ADT increases insulin 
resistance is not yet clearly understood. The observed increase in fat mass, 
and particularly in the abdomen, in these men is thought to contribute to the 
reduced insulin sensitivity. Moreover, it has been speculated that certain 
pro-inflammatory adipokines such as TNF-a, IL-6, and resistin are 
increased in patients on ADT and might play a role in insulin resistance [27, 
28]. Although insulin resistance appears early in men undergoing ADT, it 
seems that fasting hyperglycemia and frank diabetes need a year or more to 
develop. However, randomized studies on this subject are lacking. 

Data from the Surveillance, Epidemiology, and End Results (SEER) 
database including 73,196 men with local or locally advanced prostate 
cancer treated with LHRH agonists (36%) or orchiectomy (7%) reported a 
higher diabetes incidence (adjusted hazard ratio, 1.42) in these men [29]. 
The results from the Canadian database analysis of 20,000 men are similar 


[30]. Another observational study of 14,597 veterans also found that 
treatment with LHRH agonists was associated with a statistically significant 
increased incidence of diabetes [31]. Recently, a retrospective study of 
12,191 men diagnosed with localized prostate cancer showed that ADT may 
increase diabetes risk by 60% [32]. Additionally, it has been found that 
ADT might worsen glycemic control and increase glycosylated hemoglobin 
levels in patients with diabetes [33, 34]. 

As the risk for diabetes development during ADT is high, the need for 
diabetes screening among men with prostate cancer under long-term 
treatment is obvious. In the absence of evidence-based recommendations, 
risk-adapted screening and intervention according to the guidelines from the 
ADA may be applied to this specific population [35]. Screening men at 
baseline and again in a year for those treated with long-term ADT and using 
fasting plasma glucose and hemoglobin Alc as screening tests seem 
reasonable. Individuals with hemoglobin A1c between 6.0% and 6.5% or 
impaired fasting glucose (fasting glucose, 100-125 mg/dL) should be 
considered to be at high-risk for developing diabetes and need to be 
counseled to lose weight and undertake moderate physical activity [36]. In 
those with preexisting diabetes, intensification of hypoglycemic treatment 
and a more frequent follow-up might be necessary, depending on their 
blood glucose and HbA 1c levels. 


19.8 Cardiovascular Morbidity and Mortality 


The increased rates of obesity, insulin resistance, diabetes, hyperlipidemia, 
and metabolic syndrome observed in patients on ADT would support the 
hypothesis of a similar effect on cardiovascular disease (CVD). Moreover, 
this hypothesis might well be strengthened by recent findings indicating 
that several biological mechanisms induced by ADT, such as increased 
inflammation, atherogenic plaque formation, and plaque destabilization, 
could further promote CVD development in these patients [37]. 

Large randomized control trials are lacking, and the existing evidence 
regarding CVD morbidity and mortality for patients receiving ADT is 
somewhat controversial. Data from observational studies indicate overall a 
positive relationship between ADT and CVD. In a large population-based 
cohort study of 185,106 men, it was found that ADT was independently 
associated with an increased risk of myocardial infarction (MI) and diabetes 


[38]. A retrospective analysis, however, using data from the Cancer of the 
Prostate Strategic Urologic Research Endeavor (CaPSURE) and including 
men with prostate cancer treated with radical prostatectomy followed or not 
with ADT found a significant correlation of ADT with increased CV 
mortality, but only among patients over 65 years old (p = 0.002) [39]. 
Furthermore, a recent meta-analysis of randomized controlled trials showed 
that antiandrogen was associated with a 30% decreased risk for myocardial 
infarction compared to GnRH agonists, while maximal androgen blockade 
was associated with a 10% increased risk for stroke when compared to 
antiandrogen [40]. 

In the Radiation Therapy Oncology Group (RTOG) study protocol 85- 
31, 68 patients with advanced prostate cancer who had either radiotherapy 
alone or in combination with ADT were enrolled and demonstrated no 
statistically significant difference regarding mortality related to CVD 
between the two groups (p = 0.17). The RTOG trial 86-1069 involved 
patients with locally advanced prostate cancer who had received a 4-month 
scheme of ADT plus radiation treatment (RT) versus those who had RT 
alone. Again, there was no Statistical difference between the treatment 
groups as regards CV mortality (p = 0.32). The RTOG protocol 92-0270 
also included patients with locally advanced prostate cancer, but both 
groups received ADT in addition to RT (28 months and 4 months). As 
above, there was no significant difference in CV mortality between the two 
groups (p = 0.58). All these results were fully supported by a meta-analysis 
of eight randomized control trials of ADT versus no or delayed ADT in 
patients with nonmetastatic prostate cancer which showed that sudden death 
due to CVD in patients receiving ADT was not different to those with no or 
delayed therapy [41]. Similar findings were reported in the European 
Organization for Research and Treatment of Cancer (EORTC) analysis [42]. 

Preexisting comorbidities and different durations of the ADT could 
explain the observed result discrepancy among the studies. Comorbidities 
are important independent prognostic factors for patients with cancer, and 
the inclusion of the existing comorbidities in hospital-based cancer 
registries will increase the value and use of observational research [43]. 

Regarding LHRH antagonists, Smith et al. [44] found that the use of 
degarelix in ADT for prostate cancer did not affect the CV events in the 
overall population (p = 0.45), although in the subgroup of patients with 
underlying CV disease, the incidence of those events was increased 


significantly after the use of degarelix (p = 0.0013). In Albertsen’s 
reanalysis of six RCTs, degarelix was shown to be superior to leuprolide, 
being associated with fewer CV events in patients with or without 
coexisting CVD (p = 0.016 and p = 0.025, respectively) [45]. These studies 
appear to point to LHRH antagonists as an ideal alternative in ADT for 
high-risk patients with CVD. 

It is well known that in the general male population, individuals with 
reduced risk factors for CVD have a lower incidence of heart disease and 
stroke [46], and although strong data on ADT attributable risk for 
cardiovascular disease and mortality are inconsistent, the use of the 
American Heart Association guidelines can be considered in this 
population. According to these guidelines, primary prevention should 
feature total tobacco cessation and appropriate management of 
hypertension. Low-dose aspirin is recommended for men with a 10% or 
greater 10-year risk for coronary heart disease. Lifestyle modification 
should warrant weight control and low intake of saturated fat and 
cholesterol. If such modifications fail to achieve target LDL, statins should 
be used as first-line drug treatment of hyperlipidemia [47]. 

Regular physical activity could be an important factor for the prevention 
of CVD in prostate cancer patients. More specifically, exercise 
interventions that apply sound aerobic and resistance training principles 
should be suggested as being quite effective [48, 49]. In fact, all exercise 
programs are likely to reduce fatigue and enhance vitality, especially among 
patients with the highest levels of fatigue and lowest vitality. Men with 
prostate cancer could improve their strength, physical functioning, and 
cardiovascular health by increasing their physical activity [50, 51]. Finally, 
physical exercise improves quality of life, although it is not fully clear 
whether it affects metabolic risk factors in patients with ADT-treated 
prostate cancer [52]. 


19.9 Gynecomastia 


Depending on the agents used in ADT, alterations in breast tissue are 
common. Gynecomastia, an increase in breast tissue, and mastodynia, or 
breast tenderness, may occur together or independently. 

The peripheral conversion of testosterone to estradiol associated with 
the antiandrogens induces gynecomastia at high rates: 66.3% of men taking 


150 mg bicalutamide developed gynecomastia and 72.7% developed 
mastodynia. Prophylactic RT (10 Gy) has been used to prevent or reduce 
painful gynecomastia, as a result of DES or antiandrogen therapy. The 
selective estrogen receptor modulator tamoxifen has been used to treat 
mastodynia [53]. 


19.10 Anemia 


The anemia associated with ADT is very common: 90% of men receiving 
maximal androgen blockade experienced declines in hemoglobin 
concentration of at least 10% [54]. The etiology of anemia is thought to be 
secondary to lack of testosterone stimulation of erythroid precursors and a 
decrease in erythropoietin production. In an animal model, however, 
erythropoietin levels increased after ADT. Whatever the etiology, clinically, 
patients respond to recombinant human erythropoietin. The anemia is 
reversible after stopping ADT but may take up to a year. 


19.10.1 Degarelix 


Injection site reactions including pain, erythema, swelling, pruritus, and 
induration are the most frequent and important adverse events [55]. There 
are other rare adverse events which were reported in different studies: 
urinary tract infection and musculoskeletal and connective tissue adverse 
events. Other complications, including cardiovascular and cerebrovascular 
accidents, weight gain and arthralgia, and erectile dysfunction, were 
reported [55]. 


19.10.2 Enzalutamide 


According to the results of the randomized, phase 3, placebo-controlled trial 
(AFFIRM) [56], quality of life measured using validated surveys was 
improved with enzalutamide compared with placebo. Adverse events were 
mild and included fatigue (34% vs. 29%), diarrhea (21% vs. 18%), hot 
flushes (20% vs. 10%), headache (12% vs. 6%), and seizures (0.63% vs. 
0%). The incidence of cardiovascular diseases did not differ between the 
groups. 


19.10.3 Abiraterone 


The most common adverse events with abiraterone acetate/prednisone 
(>5%) were fatigue (39%); back or joint discomfort (28%-—32%); peripheral 
edema (28%); diarrhea, nausea, or constipation (22%); hypokalemia (17%); 
hypophosphatemia (24%); atrial fibrillation (4%); muscle discomfort 
(14%); hot flushes (22%); urinary tract infection; cough; hypertension 
(22%, severe hypertension in 4%); urinary frequency and nocturia; 
dyspepsia; or upper respiratory tract infection [57]. The most common 
adverse drug reactions that resulted in drug discontinuation were increased 
impaired liver functions (11-12%) or cardiac diseases (19%, serious in 6%). 
Thus, monitoring of liver function, potassium and phosphate levels, and 
blood pressure readings on a monthly basis, at least initially is warranted 
during abiraterone acetate/prednisone therapy. Symptom-directed 
examination for cardiac disease also is warranted, particularly in patients 
with cardiovascular disease. 


19.11 Summary 


ADT is a valuable treatment for advanced prostate cancer in a variety of 
clinical situations. By being aware of the potential negative impact on 
quality of life, sexual function, cardio-metabolic health, and bone density 
and fracture risk, health professionals assisting men in making informed 
decisions about the role of ADT in their treatment regimen for prostate 
cancer are able to formulate comprehensive management and surveillance 
strategies. This is particularly important given the higher cardiovascular 
risk generally experienced by men in this age group. Although the clinical 
outcome data examining the effectiveness of managing CVD risk in men 
treating ADT are limited, extrapolating from the principals of monitoring 
and managing CVD risk in the general male population, and incorporating 
and extending these to men receiving ADT treatment, appears warranted. It 
is appropriate that physicians treating men with advanced prostate cancer 
take into account these additional potential psychosexual, bone, and cardio- 
metabolic morbidities and monitor accordingly. This could be done alone or 
in combination with any of the following—the urological team, the medical 
or radiation oncologist, and an endocrinologist—in addition to a 


cardiologist for men at high-risk for or with established CVD, to ensure the 
optimal quality of care for men with prostate cancer treated with ADT. 
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20.1 Introduction 


Traditionally, long-term androgen deprivation therapy (ADT) has been 
considered as the standard of care (SOC) for men with metastatic hormone- 
sensitive prostate cancer. But, unfortunately several months after the ADT, 
tumors become castration-resistant, and eventually all patients suffer from 
disease progression. In 2004, two randomized phase 3 trials demonstrated 
for the first time a survival benefit in patients with metastatic castration- 
resistant prostate cancer (mCRPC) utilizing docetaxel-based chemotherapy, 
setting a new standard of care for patients with mCRPC [1, 2]. The benefit 
of docetaxel-based chemotherapy in patients with mCRPC suggested that 
early chemotherapy might improve the prognosis of patients with metastatic 
hormone-sensitive prostate cancer (mHSPC). In bringing docetaxel into the 


hormone-sensitive setting, the rationale was to preemptively eradicate 
cancer cells inherently insensitive to ADT by acting on cellular targets 
outside of the androgen-signaling pathway, thus improving clinical 
outcomes. Recently, final results of three large, randomized, phase 3 trials 
(GETUG-AFU 15, CHAARTED, and STAMPEDE) evaluating the value of 
up-front docetaxel chemotherapy in mHSPC were reported. 


20.2 GETUG-AFU 15 and CHAARTED Studies 


The GETUG-AFU 15 and CHAARTED studies are summarized in Table 
20.1. The GETUG-AFU 15 study randomized 385 men with mHSPC to 
receive hormone therapy plus docetaxel (75 mg/m? every 3 weeks, up to 9 
cycles) or hormone therapy alone [3, 4]. After a median follow-up of 83.9 
months, even though the biochemical progression-free survival and 
radiographic progression-free survival were significantly longer for patients 
randomized in the hormone therapy plus docetaxel group, the median 
overall survival was not significantly different between the two groups: 
62.1 months (95% CI, 49.5—73.7) in the hormone therapy plus docetaxel 
group and 48.6 months (95% CI, 40.9—60.6) in the hormone therapy-alone 
group (HR, 0.88 [95% CI, 0.68-1.14]; P = 0.3). After CHAARTED study 
was published, GETUG-AFU 15 study performed post hoc analysis and 
updated survival analyses of all study cohorts. GETUG-AFU 15 study 
divided all patients into high-volume disease (HVD) and low-volume 
disease (LVD) on metastatic volume according to CHAARTED definition 
(discussed below). The post hoc analyses demonstrated a nonsignificant 
20% reduction in the risk of death in the HVD subgroup, but, patients with 
LVD had no survival improvement with early docetaxel chemotherapy. No 
severe adverse events were reported in the ADT-alone group, but four 
treatment-related deaths occurred during the course of chemotherapy in the 
ADT plus docetaxel arm including two neutropenia-related deaths. If 
summarized, while the addition of docetaxel was associated with an 
improvement in biochemical and radiological progression-free survival, 
there was no significant improvement in overall survival with the addition 
of docetaxel, even with long-term follow-up. 


Table 20.1 Outcomes of GETUG-AFU 15 and CHAARTED studies 


Study (ref.) GETUG-AEU 15 [3, 4] CHAARTED [5] 


Stediatrtbllow-up 
| eee eee ee ee eee 


(months) ———————— 
patien n i n= 20 patien n= n= 
ns 475%) 625%) n=790 (64.9%) 851%) | 


Primary endpoint Overall survival (months) 


mo pe pe hoa os pe We 
pie p3 þa po — koor oo on 
Time to clinical progression (months) 
ADT androgen deprivation therapy, Doc docetaxel chemotherapy, HR 
hazard ratio, HVD high-volume disease, LVD low-volume disease, NR not 
reached, PFS progression-free survival 


The CHAARTED trial randomized 790 men with mHSPC to 
combination therapy (ADT plus docetaxel, 75 mg/m? every 3 weeks x 6 
cycles) or ADT alone [5]. Patients were divided according to the extent of 
metastases (high volume [defined as the presence of visceral metastases or 
>4 bone lesions with >1 beyond the vertebral bodies and pelvis] vs. low 
volume). After a median follow-up of 28.9 months, the median overall 
survival was 13.6 months longer with combination therapy than with ADT 
alone (57.6 months vs. 44.0 months; HR, 0.61 [95% CI, 0.47—0.80]; P < 
0.001). The proportion of patients who had a decrease in the PSA level to 
less than 0.2 ng/mL at 12 months was 27.7% in the combination group, as 
compared with 16.8% in the ADT-alone group (P < 0.001). The median 
time to the development of castration-resistant prostate cancer 
(biochemical, symptomatic, or radiographic) was 20.2 months with 
combination therapy, as compared with 11.7 months with ADT alone (HR, 
0.61 [95% CI, 0.51-0.72]; P < 0.001). The benefit of combination therapy 
was more apparent in the subgroup with high-volume disease than in the 
overall study population, with a median overall survival that was 17.0 


months longer in the combination group than in the ADT-alone group (49.2 
months vs. 32.2 months; HR, 0.60 [95% CI, 0.45—0.81]; P < 0.001). In the 
low-volume disease, the median survival at the time of the analysis had not 
been reached in either study group, and the overall survival was not 
significantly different between two arms. When it comes to the toxicity, 
among the patients who received combination therapy, approximately 2% 
had a treatment-related grade 3 or 4 allergic reaction, and approximately 1% 
of the patients had a thromboembolic event. Approximately 6% of the 
patients in the combination group had neutropenic fever, and approximately 
2% had grade 3 or 4 infection with neutropenia. 

The population of patients included in the CHAARTED and GETUG- 
AFU-15 studies has some key differences including median follow-up 
periods, total patient number, and proportion of patients with high- versus 
low-risk disease. 

The CHAARTED study was initially conceived as a trial for high- 
volume metastatic disease, defined as the presence of visceral metastases or 
>4 bone lesions with >1 beyond the vertebral bodies and pelvis. The 
protocol was later amended to allow enrollment of low-volume disease, as 
well as the end result being that the CHAARTED study cohort was enriched 
with high-volume patients (64.9%). On the other hand, only 22% of men in 
GETUG-AFU 15 were high-risk by the Glass criteria, but how this 
compares or correlates with the CHAARTED volume/risk criteria is 
unclear. To facilitate cross-comparison, GETUG-AFU 15 later 
retrospectively recategorized its patients to CHAARTED criteria, finding 
47.5% to have high-volume disease. The large difference in median OS of 
the two control cohorts provides insight into the risk disparities that exist 
between the two study populations (54.2 vs. 44.0 months in GETUG-AFU 
15 and CHAARTED, respectively). Enrichment of patients with high- 
volume disease in CHAARTED likely plays a large role in this discrepancy. 
Additionally, CHAARTED included a slightly higher proportion of patients 
with Gleason score 8—10 (60.8% vs. 56.1%). Consideration also should be 
paid to the availability of other therapeutic agents with proven survival 
benefits (i.e., cabazitaxel, abiraterone, and enzalutamide), as differences in 
posttrial treatment patterns are often a confounding variable. GETUG 15 
had a much higher percentage of men who received salvage docetaxel 
therapy as compared with CHAARTED (45.2% vs. 22.5%), likely because 
no other drugs were approved for mCRPC until years after accrual closed 


for GETUG-AFU 15, whereas the availability of newer second-line agents 
overlapped considerably with the enrollment period for CHAARTED [6]. 


20.3 STAMPEDE Study 


STAMPEDE (Systemic Therapy in Advancing or Metastatic Prostate 
Cancer: Evaluation of Drug Efficacy; NCT00268476), the largest of the 
three trials, is a randomized controlled trial using a multiarm, multistage 
platform design [7]. It accrued 2962 men with either high-risk localized 
(24%), node-positive (15%), or MHSPC (61%) to 4 separate treatment 
arms. Median age was 65 years (IQR 60-71). 165 (6%) men were 
previously treated with local therapy, and median prostate-specific antigen 
was 65 ng/mL (IQR 23-184). All patients were intended for long-term 
hormone therapy, started no longer than 12 weeks before randomization. 
Patients were randomly distributed 2:1:1:1 ratio to hormone therapy only, 
hormone therapy plus zoledronic acid, hormone therapy plus docetaxel, or 
hormone therapy with both zoledronic acid and docetaxel. Patients treated 
with zoledronic acid were given 4 mg of zoledronic acid at every 3 weeks 
for 6 times and then every 4 weeks until 2 years. Patients treated with 
docetaxel were given 75 mg/m? of docetaxel at every 3 weeks and 10 mg 
prednisolone everyday. The definitive and intermediate primary outcome 
measures were overall survival and failure-free survival, respectively. 
Overall survival was defined as time from randomization to death from any 
cause. Failure-free survival was defined as time from randomization to first 
evidence of at least one of biochemical failure, progression either locally in 
lymph nodes or in distant metastases, or death from prostate cancer. 
Biochemical failure was defined as a rise of 50% above the within-24-week 
nadir and above 4 ng/mL and confirmed by retest or treatment. Median time 
to starting docetaxel was about 2 weeks after randomization and 9 weeks 
after starting hormone therapy. Of patients allocated to receive docetaxel as 
part of trial treatment, 456 (77%) patients assigned to hormone therapy plus 
docetaxel and 422 (71%) to hormone therapy with both zoledronic acid and 
docetaxel received the full six cycles. Most common reason for stopping 
docetaxel treatment was toxic effect and few patients were stopping 
docetaxel treatment for disease progression. Median follow-up was 43 
months (IQR 30-60). Median overall survival was 71 months (IQR 32 to 
not reached) for hormone therapy only, not reached (32 to not reached) for 


hormone therapy plus zoledronic acid (HR, 0.94; 95% CI 0.79-1.11; P = 
0.450), 81 months (41 to not reached) for hormone therapy plus docetaxel 
(HR, 0.78, 0.66-0.93; P = 0.006), and 76 months (39 to not reached) for 
hormone therapy with both zoledronic acid and docetaxel (HR, 0.82, 0.69- 
0.97; P = 0.022). There was also an improvement in failure-free survival 
both for hormone therapy plus docetaxel and for hormone therapy with both 
zoledronic acid and docetaxel. 

In the hormone therapy-only group, median failure-free survival was 20 
months and 5-year failure-free survival was 28%. On the other hand, in 
patients on for hormone therapy plus docetaxel, median failure-free survival 
was 37 months, and 5-year failure-free survival was 38%. And in patients 
on hormone therapy with both zoledronic acid and docetaxel, median 
failure-free survival was 36 months and 5-year failure-free survival was 
34%. If summarized, docetaxel chemotherapy, given at the time of long- 
term hormone therapy initiation, improved survival, but zoledronic acid 
showed no evidence of survival benefit. The patients with docetaxel plus 
hormone therapy led to a survival advantage of 10 months, compared to the 
hormone therapy-only group (81 vs. 71 months; HR, 0.78; 95% CI 0.66— 
0.93; P = 0.006). In a subset analysis of 1817 patients with metastatic 
disease, an overall survival benefit of 15 months was observed for the 
docetaxel plus hormone therapy versus the hormone therapy-only group (60 
vs. 45 months; HR, 0.76; 95% CI 0.62—0.92; P = 0.005). 

The proportion of patients reporting worst adverse event ever as grade 3 
or higher was highest with hormone therapy plus docetaxel (288 patients 
[52%]) and hormone therapy with both zoledronic acid and docetaxel (269 
[52%]). This was mostly due to events during the first 6 months on trial, 
when the proportions were 17% (n = 203) for hormone therapy only group, 
15% (n = 91) for hormone therapy plus zoledronic acid, 36% (n = 198) for 
hormone therapy plus docetaxel, and 39% (n = 202) for hormone therapy 
with both zoledronic acid and docetaxel, with docetaxel seeming to 
contribute the most toxicity. For 1998 patients with adverse event data 
around 1 year after randomization, the proportions of grade 3 or higher 
toxic effects were balanced, with 10% (n = 76) patients reporting a worst 
adverse event as grade 3 or higher with hormone therapy only, 10% (n = 41) 
with hormone therapy plus zoledronic acid, 10% with (n = 43) hormone 
therapy plus docetaxel, and 12% (n = 49) with hormone therapy with both 
zoledronic acid and docetaxel. The pattern and levels of adverse events 


were similar in the safety and intention-to-treat populations. There were 
eight deaths probably or possibly related to the research treatment: one on 
hormone therapy plus docetaxel (neutropenic sepsis) and seven on hormone 
therapy with both zoledronic acid and docetaxel (four neutropenic sepsis, 
one pneumocystic pneumonia, one interstitial pneumonitis, and one 
pneumonia). 


20.4 Survival Benefit in High-Volume Disease 


It is important to note that in which patients docetaxel chemotherapy is 
particularly effective. Which patients precisely benefit from six cycles of 
docetaxel? The most prominent of the clinical features is the tumor volume 
of the metastatic site. The CHAARTED study defined “high-volume 
disease” as the presence of visceral metastases or >4 bone lesions with >1 
beyond the vertebral bodies and pelvis, and they did prospective 
stratification of high-volume versus low-volume disease. In both ADT- 
alone and ADT plus docetaxel group, approximately 65% had high-volume 
disease, and approximately 60% had a Gleason score of 8 or higher. 
CHAARTED subgroup analysis showed an unprecedented 17-month OS 
improvement with the addition of docetaxel in men with high-volume 
mHSPC (49.2 vs. 32.2 months; HR, 0.60; 95% CI, 0.45—0.81; P < 0.001). 
The benefit at the last analysis was more apparent in the subgroup with 
high-volume disease than in the overall CHAARTED study population. The 
GETUG-AFU 15 study first reported that the addition of docetaxel 
chemotherapy to ADT in patients with mHSPC did not improve the overall 
survival after a median follow-up of 49.9 months. After CHAARTED study 
was published, GETUG-AFU 15 study reported extended follow-up and 
retrospectively retrieved data on metastatic volume from medical files of all 
patients, applying the CHAARTED definition of high-volume and low- 
volume disease and updated survival analysis. After post hoc analysis, 
47.5% patients of CHAARTED had high-volume disease, and the high- 
volume GETUG-AFU 15 cohort still did not show improvement in OS 
(39.0 vs. 35.1 months; HR, 0.8; 95% CI, 0.6-1.2; P = 0.35). The 
STAMPEDE trial, on the other hand, did not stratify for volume of 
metastatic disease and demonstrated clinical benefit for the entire patient 
population. 


20.5 Availability in Low-Volume Disease 


Both (GETUG-AFU 15 and CHAARTED) trials failed to show an OS 
advantage with docetaxel in low-volume subgroup, GETUG-AFU 15 study 
reported median OS was not reached in the ADT plus D arm and 83.4 
months (95% CI, 61.8—NR) in the ADT arm (HR, 1.02 [95% CI, 0.67— 
1.55]; P = 0.9), and CHAARTED study reported the median survival at the 
time of the analysis had not been reached in either study group (HR with 
ADT + docetaxel, 0.60 [95% CI, 0.32-1.13]; P = 0.11). For men with low- 
volume disease, the number of events was too small at the time of reporting, 
and therefore longer follow-up is awaited. Until then, there is insufficient 
evidence to strongly recommend the routine use of early docetaxel therapy 
for low-volume mHSPC. However, this does not mean that we should not 
use docetaxel in low-volume disease at all. In the STAMPEDE trial, 
patients with nonmetastatic disease did not experience a survival benefit, 
but they had a significant improvement in failure-free survival. The use of 
docetaxel in patients with high-risk cancer which is now a low-volume 
disease but will eventually progress to high-volume disease in the not-too- 
distant future will theoretically be of benefit to patients. Even though 
current data in this space is still in a state of immaturity, the use of 
chemotherapy in low-volume disease with features associated with poor 
prognosis or consistent with rapidly progressing disease can be justified. 
So, those patients with Gleason 8 or higher disease, poor PSA response to 
primary ADT, rapid PSA doubling time, disproportionately high or low 
PSA levels, bulky lymph node disease, and symptomatic disease can be 
seriously considered as candidates for up-front chemotherapy. Additionally, 
men with good performance status, who are young or have little to no 
medical comorbidities, should also be considered in order to maximally 
prolong time to disease progression and OS. At the same time, the potential 
toxicities of docetaxel treatment should be clearly discussed with patients. 


20.6 Toxicity of Docetaxel Chemotherapy in 
mHSPC 


Toxicity of docetaxel is a key consideration when using up-front 
chemotherapy for mHSPC. All of the three RCTs (GETUG-AFU 15, 
CHAARTED, and STEMPEDE) reported higher rates of febrile neutropenia 


(6—12%) than what historically has been seen with docetaxel therapy in 
CRPC (3%), as reported in TAX 327. In the STAMPEDE study, grade 3 or 
higher toxicities were enhanced by 20% in the docetaxel plus hormone 
therapy group, compared to the hormone therapy-only group (52% vs. 
32%). Toxicity was the most common reason for premature discontinuation 
of the study before all docetaxel cycles were complete. Therefore, it is very 
important to administer docetaxel treatment only to properly selected and 
essential patients or prevent of neutropenia and neutropenic fever. During 
the GETUG-AFU 15 trial, four treatment-related deaths occurred in the 
ADP plus docetaxel group (two of which were neutropenia-related), after 
which the data monitoring committee recommended addition of 
prophylactic granulocyte colony-stimulating factor (5 pg/kg/day 
subcutaneously once a day) from day 5 to day 10 after each docetaxel 
treatment. After this amendment, the number of patients with grade 3—4 
neutropenia fell from 51 (41%) of 123 to ten (15%) of 66 patients, and the 
number with grade 3—4 febrile neutropenia decreased from ten (8%) of 123 
to four (6%) of 66. After this recommendation, no further treatment-related 
deaths occurred. Although many taxane-associated toxicities are transient 
and not life-threatening, febrile neutropenia is a relatively uncommon but 
potentially serious adverse event [8]. The American Society of Clinical 
Oncology (ASCO) recommends that primary prophylaxis with a CSF starts 
in the first cycle and continues through subsequent cycles of chemotherapy 
in patients who have an approximately 20% or higher risk for febrile 
neutropenia on the basis of patient, disease, and treatment-related factors. 
And secondary prophylaxis with CSFs is recommended for patients who 
experienced a neutropenic complication from a previous cycle of 
chemotherapy (for which primary prophylaxis was not received) [9]. 


20.7 Further Direction 


It is unlikely that there will exist only one, unified, optimal approach to 
managing MHSPC. TAX 327 demonstrated a modest overall survival 
benefit of about 3 months with docetaxel chemotherapy in patients with 
mCRPC. However the overall survival benefits with docetaxel 
chemotherapy in hormone-sensitive setting of prostate cancer were 13.6 
months in CHAARTED and 10 months in STAMPEDE. These show 
evidence that there are molecular alterations during hormone therapy that 


negatively affect the efficacy of docetaxel and presumably of other active 
drugs. This may give more validity to early docetaxel use in mMHSPC. 
Indeed, numerous events altering signaling, gene expression, and cellular 
outcome were identified during hormone therapy [10]. In terms of finding 
proper patients group that can have benefits of maximal effectiveness and 
minimal side effects, further development of predictive biomarkers, such as 
molecular signatures derived from whole blood or circulating tumors cells 
should be continued. 


20.8 Summary 


It is unlikely that there will exist only one, unified, optimal approach to 
managing MHSPC. The GETUG-AFU 15 study concluded that there was 
no improvement in overall survival with the addition of docetaxel in 
mHSPC patients. However, the overall survival benefits with docetaxel 
chemotherapy in addition to standard ADT for patients with HSPC were 
found in CHAARTED and STAMPEDE studies. All of the three RCTs 
reported that docetaxel chemotherapy in HSPC setting had higher rates of 
febrile neutropenia than docetaxel therapy in CRPC setting. However, in the 
GETUG-AFU 15 study, the rates of neutropenia and febrile neutropenia 
were markedly decreased after addition of prophylactic granulocyte colony- 
stimulating factor. The overall survival benefits in two large studies suggest 
that early chemotherapy in hormone-sensitive setting of prostate cancer is 
effective and consistent. The data up to now show a definite usefulness of 
docetaxel in high-volume mHSPC disease, but it is expected that the 
indication will be extended to low-volume disease with high-risk features in 
the future. In addition to volume factor, other various molecular and clinical 
parameters should be supplemented. At the same time, maximal efforts to 
reduce toxicities and properly treat them should be made. 


References 


1. Tannock IF, de Wit R, Berry WR, Horti J, Pluzanska A, Chi KN, et al. Docetaxel plus 
prednisone or mitoxantrone plus prednisone for advanced prostate cancer. N Engl J Med. 
2004;351(15):1502-12. 

[Crossref] 


Petrylak DP, Tangen CM, Hussain MH, Lara PN Jr, Jones JA, Taplin ME, et al. Docetaxel and 


10. 


estramustine compared with mitoxantrone and prednisone for advanced refractory prostate 
cancer. N Engl J Med. 2004;351(15):1513-—20. 
[Crossref] 


Gravis G, Fizazi K, Joly F, Oudard S, Priou F, Esterni B, et al. Androgen-deprivation therapy 
alone or with docetaxel in non-castrate metastatic prostate cancer (GETUG-AFU 15): a 
randomised, open-label, phase 3 trial. Lancet Oncol. 2013;14(2):149-58. 

[Crossref] 


Gravis G, Boher JM, Joly F, Soulie M, Albiges L, Priou F, et al. Androgen deprivation therapy 
(ADT) plus docetaxel versus ADT alone in metastatic non castrate prostate cancer: impact of 
metastatic burden and long-term survival analysis of the randomized phase 3 GETUG-AFU15 
trial. Eur Urol. 2016;70(2):256-62. 

[Crossref] 


Sweeney CJ, Chen YH, Carducci M, Liu G, Jarrard DF, Eisenberger M, et al. Chemohormonal 
therapy in metastatic hormone-sensitive prostate cancer. N Engl J Med. 2015;373(8):737-46. 
[Crossref] 


Liaw BC, Oh WK. Is docetaxel chemotherapy a new standard of care for metastatic hormone- 
sensitive prostate cancer? Am J Hematol/Oncol. 2015;11(9) 


James ND, Sydes MR, Clarke NW, Mason MD, Dearnaley DP, Spears MR, et al. Addition of 
docetaxel, zoledronic acid, or both to first-line long-term hormone therapy in prostate cancer 
(STAMPEDE): survival results from an adaptive, multiarm, multistage, platform randomised 
controlled trial. Lancet. 2016;387(10024):1163-77. 

[Crossref] 


Tsao CK, Galsky MD, Oh WK. Docetaxel for metastatic hormone-sensitive prostate cancer: 
urgent need to minimize the risk of neutropenic fever. Eur Urol. 2016;70(5):707-8. 
[Crossref] 


Smith TJ, Bohlke K, Lyman GH, Carson KR, Crawford J, Cross SJ, et al. Recommendations for 
the use of WBC growth factors: American Society of clinical oncology clinical practice 
guideline update. J Clin Oncol Off J Am Soc Clin Oncol. 2015;33(28):3199-212. 

[Crossref] 


Katzenwadel A, Wolf P. Androgen deprivation of prostate cancer: leading to a therapeutic dead 
end. Cancer Lett. 2015;367(1):12—7. 
[Crossref] 


© Springer Nature Singapore Pte Ltd. 2018 
Choung Soo Kim (ed.), Management of Advanced Prostate Cancer, https://doi.org/10.1007/978-981- 
10-6943-7_21 


21. Systemic Chemotherapy in 
Metastatic Castration-Resistant Prostate 
Cancer 


Dong Hoon Lee'™ and Sung-Woo Park'= 


(1) Department of Urology, Pusan National University Yangsan Hospital, 
Yangsan, Gyeongsangnam-do, South Korea 


%1 Dong Hoon Lee 


& Sung-Woo Park (Corresponding author) 
Email: psw@pusan.ac.kr 


21.1 Introduction 


Most chemotherapeutic agents available for prostate cancer have been used 
by single agents or various combinations. Historically, cyclophosphamide, 
5-fluorouracil, estramustine, cisplatin, carboplatin, doxorubicin, 
mitoxantrone, paclitaxel, and docetaxel have been used [1]. With the 
exception of docetaxel (and the related agent, cabazitaxel) and 
mitoxantrone, the other agents for cytotoxic chemotherapy are not being 
used anymore because these agents have not been proved with either 
symptomatic improvements or survival benefit. Clinical trials using 
chemotherapy regimens used since 2000 have shown that the survival 
benefit of metastatic castration-resistant prostate cancer (MCRPC) patients 
is between 16 and 20 months when used as a first-line chemotherapy [2, 3], 


but less than 6—12 months when using historical chemotherapy regimens 
before 2000s [1]. 

Cytotoxic chemotherapy using alkylating agent in prostate cancer 
patients started in the 1950s [1]. However, the rate of response to cytotoxic 
chemotherapy was low and no significant effect was achieved, suggesting 
that prostate cancer was a chemotherapy-resistant disease [1]. In 1996, 
mitoxantrone and prednisone for cytotoxic chemotherapy were first 
approved by the US FDA for mCRPC [4]. However, mitoxantrone was not 
effective in improving the survival rate and only palliation was effective 
[4]. Since 2004, a randomized control study using docetaxel by Tannok et 
al. [3] has been published and is recognized as a standard treatment for 
mCRPC. Currently, it has been developed to cabazitaxel and is recognized 
as a cytotoxic chemotherapy regimen following docetaxel. 


21.1.1 Mitoxantrone 


Mitoxantrone was the first chemotherapy of mCRPC patients. This agent is 
a semisynthetic anthracycline, and it had previously shown modest 
symptomatic improvement for mCRPC patients but with minimal effect on 
the antitumor activity including overall survival. Furthermore, mitoxantrone 
had the maximal palliative effect with additional low-dose corticosteroids 
[4]. Based on the clinical data with its modest toxicity profile, mitoxantrone 
(12 mg/m? every 3 weeks) plus prednisone (5 mg daily) was investigated 
against prednisone alone in a phase III randomized clinical trial using the 
161 patients with symptomatic mCRPC [4]. When the investigators 
evaluated the palliative response as the primary outcome of this study, they 
defined a 2-point decrease of pain evaluated on a 6-point pain scale without 
an increase in analgesic use. The palliative response rate was significantly 
higher among patients receiving mitoxantrone than those receiving 
prednisone alone (29% vs. 12%; p < 0.001). However, overall survival was 
not statistically improved between the two groups. Although mitoxantrone 
was well tolerated generally among patients receiving mitoxantrone, the 
most relevant toxicities included neutropenia and cardiotoxicity [4]. Two 
phase II randomized clinical trials (CALGB 9182 and the US Oncology 
trials) tried to demonstrate a survival benefit to giving mitoxantrone plus a 
steroid in comparison with a steroid alone. However, both studies failed to 
describe a statistically significant benefit of overall survival. They 


confirmed a benefit for these agents including prostate-specific antigen 
response rates, time to progression, and improvements in overall pain 
scores [5, 6]. According to these two studies, mitoxantrone plus prednisone 
was used as the standard of care in this disease in the pre-docetaxel era. 


21.1.2 Docetaxel 


Despite the relief of pain and prostate-specific antigen responses, 
mitoxantrone plus steroid failed to show the improvement of overall 
survival for mCRPC patients compared with steroid alone. The next 
significant advance in the chemotherapy for these patients came with 
docetaxel. This agent is a member of the taxane family and acts by 
stabilizing microtubules, the intracellular filaments that are part of the cell’s 
cytoskeleton. Microtubules are involved in cell shape, vesicle transport, 
transcription factor trafficking, mitochondrial functioning, and cell 
signaling, as well as their best-known role in chromosome separation during 
cell division and mitosis. The binding of taxane molecules to microtubules 
prevents their disassembly, which leads to cell cycle arrest in metaphase— 
anaphase [7]. With cell cycle progression blocked, cells eventually die by 
apoptosis. Taxanes most likely promote apoptosis by inhibiting the anti- 
apoptotic function of the B-cell CLL/lymphoma 2 (BCL2) family and 
upregulating cyclin-dependent kinase inhibitor 1A (p21, Cip1) and tumor 
protein p53, which arrest the cell cycle. Recently, however, it has been 
proposed that the clinical efficacy of taxanes may actually be due to their 
inhibition of essential interphase cellular mechanisms involving 
microtubules rather than their effect on mitosis [8]. 

Early data with docetaxel chemotherapy demonstrated prostate-specific 
antigen responses in a significant proportion of patients studied [9]. Based 
on this result, the TAX-327 trial investigated docetaxel plus prednisone in 
mCPRC. The TAX-327 randomized 1006 men to 1 of 3 treatment arms: 
docetaxel 75 mg/m? given every 3 weeks; docetaxel 30 mg/m? given 
weekly for 5 of every 6 weeks; and mitoxantrone 12 mg/m? given every 3 
weeks. Prednisone 5 mg was given orally twice daily to all patients of 
groups. The study designed to prove that docetaxel had survival benefit in 
comparison with mitoxantrone but was not sought to compare the 3 week 
versus weekly schedules. Patients in docetaxel group (given every 3 weeks) 
showed a 24% reduction in the risk of death compared with mitoxantrone 


group (HR 0.76; 95% CI 0.62—0.94; p = 0.009), and the median overall 
survival between the two groups was 18.9 and 16.5 months. Patients treated 
with docetaxel also had significant improvements in prostate-specific 
antigen response, pain response rates, and improvements in quality of life. 
However, there was no significant difference in overall survival among the 
weekly docetaxel group compared with mitoxantrone group. Docetaxel with 
prednisone was generally well tolerated, but patients group which received 
docetaxel in the every 3 week experienced more grade 3 and 4 toxicity 
including neutropenia, fatigue, alopecia, and gastrointestinal problem. The 
cardiac toxicity was more frequently observed in patients treated with 
mitoxantrone [3]. 

Another phase III clinical trial (the Southwest Oncology Group: 
SWOG-9916) demonstrated the survival benefit in comparison with 
docetaxel every 3 weeks (60 mg/m? which was escalated to 70 mg/m? if 
there was no severe toxicity during cycle 1) plus estramustine (280 mg 
three times daily on days 1 through 5 every 3 weeks) and mitoxantrone 
every 3 weeks plus prednisone. Patients with docetaxel did experience a 
20% decrease in risk of death (HR 0.80; 95% CI 0.67-0.97; p = 0.02) with a 
median survival of 17.5 months vs. 15.6 months in comparison with 
mitoxantrone group. Patients receiving docetaxel plus estramustine had 
more grade 3 and 4 febrile neutropenia, nausea, and clinically significant 
cardiovascular events than mitoxantrone group [1]. However, estramustine 
had thromboembolic toxicities, so it is no longer generally used and 
remained as only a historic regimen currently. 

So, with the result of these clinical trials, docetaxel plus prednisone was 
approved by the US FDA for use in patients with mCRPC based on the 
survival benefit. It is considered a category 1 recommendation for the first- 
line treatment of patients with symptomatic CRPC by the National 
Comprehensive Cancer Network (NCCN). Recent data suggest that 
docetaxel 50 mg/m? given every 2 weeks is effective and better tolerated 
than 3-week scheduled regimen [10]. 

Several experimental agents have been evaluated in combination with 
docetaxel to improve the efficacy over the single-agent docetaxel. However, 
most phase III trials of docetaxel-based combination therapy did not show 
the significant results. Some antiangiogenic agents (bevacizumab, 
aflibercept, and lenalidomide) combined with docetaxel have not improved 
overall survival even though serum vascular endothelial growth factor 


levels correlate inversely with survival. Also, combinations of bone- 
targeted agents including atrasentan, zibotentan, and dasatinib have 
produced similar results. High-dose vitamin D (calcitriol) with weekly 
docetaxel also showed no survival advantage over docetaxel alone. 
Investigators thought that potential reasons for the failure of combination 
therapies with docetaxel include marginal activity of the combined agents 
with docetaxel had lack of well-conducted randomized phase II trials before 
phase III studies, as well as dose reductions of docetaxel that were often 
required as a result of additional drug toxicities [11]. 


21.1.3 Cabazitaxel 


Despite the significant effect of docetaxel in mCRPC, response rates are 
modest, and all the patients finally will experience disease progression. 
However, there were no other chemotherapy agent which was approved by 
the US FDA for these patients. And then, cabazitaxel changed it in 2010 for 
the treatment of mCRPC patients who showed progression after docetaxel 
based on the results of a phase III (TROPIC) trial [12]. Cabazitaxel is a 
novel taxane that binds to the same microtubule-binding site as docetaxel 
and was investigated in several clinical trials using the activity of docetaxel- 
and paclitaxel-resistant PC cell lines. In studies using cancer cell lines and 
mouse models, cabazitaxel was demonstrated to be effective in both 
docetaxel-sensitive tumors as well as in those with docetaxel resistance 
[13]. The TROPIC trial was an international, multicenter, phase III clinical 
trial of 755 men with mCRPC who had progressed after docetaxel. They 
were randomized to receive mitoxantrone plus prednisone (12 mg/m? every 
3 weeks) or cabazitaxel plus prednisone (25 mg/m? every 3 weeks). 
Cabazitaxel group showed a 30% decrease in risk of death (HR 0.70; 95% 
CI 0.59-0.83; p < 0.0001), with a median survival of 15.1 months vs. 12.7 
months in comparison with mitoxantrone group. Progression-free survival, 
prostate-specific antigen responses, and radiographic responses also were 
significantly higher in cabazitaxel group. Using the results of this study, it 
formed the basis for the US FDA’s approval of cabazitaxel plus prednisone 
in 2010 as the second-line agent for docetaxel-refractory mCRPC patients. 

According to TROPIC trial, which enrolled patients previously treated 
with docetaxel and had no significant residual neuropathy, cabazitaxel also 
did not lead to clinically significant peripheral neuropathy. However, 


cabazitaxel plus prednisone was associated with significant toxicity in this 
late-stage setting, about a 5% treatment-related mortality rate, primarily 
attributed to neutropenia and/or diarrhea. So, experts recommend 
prophylaxis with white blood cell colony-stimulating factors for the patients 
older than 65 years, with extensive prior radiation therapy, serious 
comorbidities, or poor performance status even though not meeting criteria 
for primary prophylaxis by some organizations [14]. The most common 
serious adverse events related to cabazitaxel were hematologic toxicity of 
grade 3 or 4 neutropenia in 82% of patients including febrile neutropenia in 
8%. Older patients over 65 years reported a 6.6% higher rate of grade 3 
neutropenia than younger. This incidence of hematologic suppression 
brought the trials of whether a lower dose of cabazitaxel may have been 
more appropriate; a phase III randomized trial (PROSELICA) comparing 
the safety and efficacy between two doses (25 mg/m? vs. 20 mg/m? every 3 
weeks) is now being investigated. Other reported non-hematologic 
toxicities were greater than or equal to grade 3 diarrhea (6%) and fatigue 
(5%). Diarrhea was more common in old-aged patients and also in those 
with a previous radiation therapy history. In case of neuropathy, peripheral 
neuropathy (all grades) was observed in 14% of patients, and only 1% of 
men developed grade 3 neuropathy [12]. Although the patients receiving 
cabazitaxel had these toxicities, this novel agent demonstrated an overall 
survival benefit and is recommended as a category 1 cytotoxic agent by the 
NCCN for symptomatic mCRPC patients who have progressed after 
docetaxel chemotherapy [15]. Additionally, a randomized phase III trial 
(FIRSTANA) to compare docetaxel and cabazitaxel (20 mg or 25 mg/m?) in 
chemotherapy naive mCRPC patients has been completed, and we wait the 
result of this trial. Also, a phase II study (TAX YNERGY) is randomizing 
patients to compare docetaxel versus cabazitaxel as first-line treatment. 
This trial is designed to allow the switching to the alternative taxane agent 
if the enrolled patients do not show more than a 30% prostate-specific 
antigen decline within the first four cycles of chemotherapy. This trial is 
also collecting circulating tumor cells to find the association between the 
androgen receptor and microtubules, and it will be helpful to investigate the 
mechanisms of response and resistance of taxane drugs in mCRPC patients. 


21.1.4 Other Trials of Novel Agents 


The continued evaluation of novel chemotherapy agents is warranted 
because of the significant effects of cabazitaxel following docetaxel and the 
potential overlapping cross-resistance between docetaxel and androgen- 
targeting agents. According to this effort, several agents of different classes 
have introduced with some promising results in several clinical studies. 
Eribulin mesylate, a non-taxane halichondrin B analogue microtubule 
inhibitor, resulted in >50% PSA responses in 22.4% of taxane-naive m 
CRPC patients and 8.5% of mCPRC patients who were treated with taxane 
(n = 108). The reported toxicity profile was excellent, and this agent does 
not require additional corticosteroid [16]. In case of satraplatin in the phase 
I SPARC (Satraplatin and Prednisone Against Refractory Cancer) study, 
an oral platinum analogue, it did not demonstrate overall survival benefit 
compared with placebo in mCRPC patients who had progression after one 
previous chemotherapy. It had the improvement in prostate-specific antigen 
levels and a decrease in the time to progression [17]. Other platinum-based 
chemotherapies, including carboplatin and cisplatin, combined with taxanes 
also investigated for docetaxel-refractory patients and several studies report 
that a subset of patients with mCRPC were effective when they received 
these combined chemotherpy agents. Ross et al. [18] combined docetaxel 
with carboplatin as second-line chemotherapy in mCRPC patients who 
showed the progression within 45 days of docetaxel-based chemotherapy (n 
= 34). This trial showed a > 50% reduction in PSA level in 18% of patients. 
A retrospective analysis of patients with mCRPC who received docetaxel 
and carboplatin with (n = 24) or without estramustine (n = 30) as first-line 
and second-line chemotherapy, respectively, had excellent prostate-specific 
antigen response rates. This study reported a >50% reduction in prostate- 
specific antigen level in 88% and 20% of patients in 
docetaxel/carboplatin/estramustine group and docetaxel/carboplatin group, 
respectively [19]. With the development of new agents, patients have more 
survival gain and neuroendocrine transformation associated with N-Myc 
and aurora kinase. Gene alterations may occur more commonly [20]. 
Neuroendocrine transformation is not well investigated, and to date only 
one phase II study has evaluated to treat patients with tumors that have 
transformed. Four cycles of docetaxel/carboplatin chemotherapy followed 
by 4 cycles of etoposide plus cisplatin were administered to 120 patients 
with features of anaplastic disease. The study reported a median overall 
survival of 16 (13.6—19.0) months [21]. 


21.1.5 Chemotherapy for Neuroendocrine Prostate 


Cancer 


Even though androgen deprivation therapy and cytotoxic chemotherapy 
using taxanes are highly effective in prostate cancer, it is well known that 
the effects of these drugs are less effective in neuroendocrine prostate 
cancer (NEPC). Although the characteristics of NEPC have yet to be 
cleared, NEPC shares histopathologic findings with small-cell carcinomas 
when examined, and it has different tumor characteristics from prostatic 
adenocarcinoma. This has little relationship with prostate-specific antigen 
and tumor burden and appears to more visceral and lytic bone metastases in 
comparison with bone and lymph node metastasis in prostatic 
adenocarcinoma. Platinum chemotherapy combinations are generally tried 
to use for the treatment of NEPC patients because of the clinical and 
histologic similarity to small carcinoma of the lung [22, 23]. However, we 
found that most of NEPC patients have mixed NEPC and prostatic 
adenocarcinomas not NEPC alone. So, patients treated with cisplatin and 
etoposide also have prostatic adenocarcinoma as the predominant histologic 
subtype present in sites of relapse [22, 23]. To avoid the relapse pattern of 
NEPC, taxane with platinum combination has been used to target both 
histologic subtypes. In a phase II trial, 120 men with metastatic NEPC were 
treated with carboplatin (day 1 every 3 weeks) plus docetaxel (75 mg/m?, 
day 1 every 5 weeks) after etoposide (120 mg/m?, days 1-3 every 3 weeks) 
plus cisplatin (25 mg/m“, days 1-3 every 3 weeks). The median survival 
was 16 months (95% CI 12.6—19.0), and median time to progression was 
5.1 months (95% CI 4.2—6.0) after first-line therapy and 3.1 months (95% 
CI 1.6-3.5) after the second-line regimen. About 50% of patients had 
clinical benefit from both therapies and 33.8% from carboplatin plus 
docetaxel alone. General toxicities were febrile neutropenia, thrombosis, 
thrombocytopenia, fatigue, and vomiting [21]. Nevertheless, most NEPC 
patients experienced the quick progression after treatment even though 
platinum regimens have modest tumor response. To find the novel agents 
for this prostate cancer variant including NEPC represents an unmet need 
and further molecular characterization to find chemotherapy alternatives, 
such as aurora-kinase inhibitors are currently investigated. 


21.2 Evaluation of Treatment Efficacy 


The measure of therapeutic results in the clinical trial for all prostate cancer 
patients including mCRPC might be confused by significant methodologic 
challenges. Bone is the most common metastatic site in these patients, and 
it contains the diffuse osteoblastic bone lesions that cannot be measured by 
current methods (termed “nonmeasurable” lesion). Generally, soft-tissue or 
visceral metastatic sites that we could measure serially (“measurable” 
lesion) are uncommon metastatic sites and represent a small proportion of 
metastatic site for prostate cancer patients. To choose the bidimensionally 
measurable lesion in metastatic site for the evaluation of therapeutic 
efficacy by serial measurements of tumor has been the subject of significant 
criticism, because many patients may only have bone metastases 
—‘nonmeasurable” lesion. Furthermore, prostate cancer patients who had 
visceral metastasis are often considered a subgroup with little different 
biologic and clinical characteristics distinct from those with bone-only 
metastases. As a result of these potential limitations, it is discouraged to 
subject the tumor response rate as the primary end point of clinical trials for 
mCRPC patients, and the evaluation of progression-free survival of bone 
and/or soft-tissue lesions using radiographic finding has become a reliable 
end point [24]. 

Several predictors to evaluate baseline and posttreatment characteristics 
were developed for the dissection of the heterogeneity of mCRPC in the 
context of various cytotoxic and non-cytotoxic therapies. Among them, the 
patient’s functional status (performance status), presence of pain, baseline 
hemoglobin level, baseline prostate-specific antigen level, baseline alkaline 
phosphatase, baseline LDH level, extent of bone involvement (number of 
lesions or pattern/distribution of bone lesions), and presence of visceral 
disease were introduced as clinical and laboratory parameters with 
prognostic significance. In the recent studies, quantitative methods to count 
the circulating tumor cell numbers and various prostate-specific antigen 
constructs including >30% prostate-specific antigen reduction are identified 
as the most significant posttreatment parameters [25, 26]. 

Preclinical experiments reported that some drugs could decrease 
prostate-specific antigen secretion without affecting tumor growth, whereas 
other drugs may affect tumor growth without reducing prostate-specific 
antigen levels. However, these findings required a careful validation by 


several clinical setting even though these laboratory observations are likely 
to be clinically effective to prostate cancer. A prostate-specific antigen 
consensus meeting developed by several leading investigators discussed 
initial guidelines about the role of the prostate-specific antigen test for 
clinical trials in mCRPC patients. These guidelines were updated and now 
also provide a consensus on the use of radiologic end points as well as other 
clinical end points including pain to evaluate mCRPC patients [24]. In the 
future, other novel biomarkers are investigated to identify the proper 
treatments for mCRPC, and the enumeration of circulating tumor cells may 
be one of such markers at baseline and after a period of treatment nowadays 
[26]. Furthermore, the evolution of non-cytotoxic and targeted agents for 
mCRPC might need a new biomarker to identify mechanism-specific 
biologic activity and new clinical end points. 


21.3 Summary 


e Docetaxel is the standard first-line cytotoxic chemotherapy for 
mCRPC. This cytotoxic agent has progression-free and overall 
survival benefit, pain relief, and improves quality of life. 


e The standard treatment regimen of docetaxel is a 3-week regimen 
(docetaxel 75 mg/m? given every 3 weeks). And also, bi-weekly 
regimen (docetaxel 50 mg/m? given every 2 weeks) is available for 
mCRPC patients. 


e Toxicity of docetaxel generally includes myelosuppression, fatigue, 
peripheral edema, neurotoxicity, hyperlacrimation, and nail dystrophy. 


e Cabazitaxel has approved as a second-line chemotherapy option for 
mCRPC patients who have had progression during or after docetaxel 
chemotherapy. 


e Toxicity of cabazitaxel includes neutropenia including febrile 
neutropenia and diarrhea. 


e Mitoxantrone has been approved to palliate symptoms associated with 
metastasis even though it has no survival benefit, and it is often used in 
patients who have previously received docetaxel and/or cabazitaxel or 
in those who would not tolerate these agents. 
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22.1 Introduction 


The treatment options of metastatic castration-resistant prostate cancer 
(mCRPC) have changed due to the introduction of several new drugs. 
Docetaxel was the first drug to demonstrate an important survival benefit to 
mitoxantrone in prolonging the overall survival (OS) of patients with 
mCRPC [1]. Recently, cabazitaxel and new endocrine therapies such as 
abiraterone acetate and enzalutamide improved the survival rate of patients 
treated with docetaxel [2—6]. Finally, radium-223, an innovative 
radiopharmaceutical, is associated with an increased survival rate in 
patients with mCRPC, regardless of previous docetaxel administration [7]. 
However, there were no sequential guidelines for the purpose of achieving 
cumulative benefit in survival. Therefore, the cooperation of experienced 
medical professionals is the best way to provide comprehensive treatment 


that requires consideration of the patient’s physical, psychological, and 
financial status [8]. 


22.2 Overview of Bone-Targeted 


Radiopharmaceuticals 


Bone is the most common site for metastasis in mCRPC patients [9]. The 
most common bone metastasis sites are the lumbar, spine, and pelvis and 
are often complicated by pain. Systemic treatment such as hormonal 
therapy, chemotherapy, and immunotherapy for metastatic prostate cancer 
can lead to pain reduction, prolongation of the first bone-related symptoms, 
and OS [10]. However, it is difficult to optimally alleviate malignant bone 
pain [11]. Analgesics such as opiates and nonsteroidal anti-inflammatory 
drugs are frequently used, but they may provoke several side effects. 

Localized pain caused by a single metastasis can be controlled by 
external beam radiation therapy (EBRT) in about 80% of patients. In case of 
pain due to diffuse multifocal osteoblastic metastases, bone can be treated 
with radiopharmaceuticals [12]. The most commonly used bone-seeking 
radiopharmaceuticals are phosphorus-32 (°P), strontium-89-chloride (°°Sr), 
samarium-153-EDTMP (!°°Sm), rhenium-186-HEDP (1°°Re), rhenium- 
188-HEDP (t88Re), and radium-223-chloride (*7°Ra). These radionuclides 
bind to the ligands that bind to the bone matrix and accumulate in the 
increased bone turnover position. The radiation is then delivered at the 
osteoblastic sites. The most important side effect of these 
radiopharmaceuticals is bone marrow suppression. 

32P was the first US Food and Drug Administration (FDA)-approved 
radiopharmaceuticals in 1952 [13]. 32P a B-emitter that can relieve cancer- 
related bone pain, localizes to remodeling areas in bone including those in 
osteoblastic lesions. 8°Sr was FDA approved for management of bone in 
patients with mCPRC in 1993 [14]. ®9Sr is a B-particle emitter with a half- 
life of 50.6 days. A phase III in bone metastatic CRPC demonstrated 
improvement in palliation of bone pain after one injection with no survival 
benefit. !°2Sm is a B- and y-emitter that was FDA approved in 1997 as a 
chelate with ethylenediamine tetramethylene phosphonic acid (Sm-EDTMP 
or °Sm-lexidronam) [15]. The FDA approval was based on phase III 
studies demonstrating pain palliation, but not survival benefit after one 


injection in bone metastatic disease, with a second study focusing 
exclusively on prostate cancer [16]. 

Radium-223, like ®°Sr, is part of an alkaline earth metal that acts as a 
calcium mimetic when injected. The a-particle consists of two protons and 
two neutrons. These particles produce a short range of high-density ionizing 
high-linear energy transfer radiation. Bone-targeted radiopharmaceuticals 
under investigation include rhenium-186 (!8°Re), !®8Re, tin-117 (!!7Sn)- 
DTPA, strontium-85, and holmium-166-DOTMP. Each of these agents is B- 
emitters, except 117Sn, which emits a conversion electron [17]. 


22.3 Radium-223 
22.3.1 Mechanism of Action 


Radium-223 as the target radiopharmaceutical was an alpha particle- 
emitting radioactive material with a half-life of 11.4 days. It causes double- 
stranded DNA breaks with the release of two protons and two neutrons at 
short distances, which is more difficult to repair than single-strand breaks 
caused by beta-radioactive isotopes. The a-particles are enormously 
energetic and cause dense ionization in tissues. Radium-223 dichloride, 
which selectively affects the active site of bone remodeling, is associated 
with bone metastasis. It has an advantageous bio-distribution and shows a 
15% lower concentration in the bloodstream at 15 minutes after intravenous 
administration; at 24 hits, 99% of the bone is concentrated. Disintegration 
of radium-223, a stable isotope of lead, is mainly through the internal 
organs, but only 5% is removed via urine [18]. 


22.3.2 Administration 


Radium-223 is supplied in disposable vials and the concentration is 1100 
kBq/mL. Each vial contains 6 mL of solution (total radioactivity is 6600 
kBgq/vial). Radium-223 must be received, used, and managed only by 
authorized personnel of a dedicated nuclear medical unit. Due to 
contamination due to radioactivity and bodily fluids, healthcare workers 
must use gloves and barriers to avoid contamination suitable for handling 
and management of radium-223 [19]. 


22.3.3 Clinical Efficacy 


FDA approved radium-223 dichloride for metastatic CRPC in patients with 
symptomatic bone metastases and no visceral metastatic disease in 2013. 
Approval was based on clinical data from a multicenter, phase III, 
randomized trial (ALS YMPCA) which included 921 patients with CRPC 
and symptomatic bone metastases to receive 6 injections of radium-223 or 
placebo plus best standard of care [7]. Compared to placebo, radium-223 
was significantly associated with improved OS (median 14.9 months vs. 
11.3 months, HR 0.70 (0.0158—0.830), p < 0.001) and prolonged time to 
first skeletal-related events (median 15.6 months vs. 9.8 months). Of these 
cohorts, 57% received previous docetaxel. In the subset analysis, survival 
benefits were maintained regardless of previous docetaxel use [20]. 
Radium-223 improves or slows down the quality of life. In the 
ALSYMPCA trial, subset analysis showed a slow decline in the quality of 
life of EuroQol five-dimensional (EQ-5D) over time and a significant 
improvement in EQ-5D utility score and FACT-P total score [21]. Patients 
with less advanced disease and/or receiving radium-223 earlier in the 
treatment sequence for mCRPC are more likely to complete six cycles of 
treatment [22]. Good ECOG performance scores, no pain, and low alkaline 
phosphatase (ALP) levels are a significant prognostic factor for OS, and 
patients taking concomitant use of denosumab or abiraterone have a long 
OS. 


22.3.4 Adverse Events 


The adverse events of radium-223 occurred in both hematological and non- 
hematological toxicities at low frequency. Grade 3/4 hematological toxicity 
was low (3% neutropenia, 5% thrombocytopenia, and 13% anemia), likely 
due to the short range of radioactivity [20]. Fecal elimination of the agent 
led to generally mild non-hematologic side effects, which included nausea, 
diarrhea, and vomiting. Mild non-hematological adverse events occurred in 
at least 10% of patients in either treatment group, with no differences in 
patients with or without prior docetaxel exposure [20]. In sub-analysis 
according to prior docetaxel use, patients previously treated with docetaxel 
had a higher incidence of grade 3—4 thrombocytopenia with radium-223 
than with placebo. Radium-223 did not adversely affect later cycles of 
chemotherapy [20]. 


22.3.5 Evaluation of Patients Treated with Radium- 
223 
22.3.5.1 Imaging Modalities 


CT is the most widely used imaging modality of CRPC’s diagnostic 
imaging workup for evaluating node, visceral, and bone metastases. As far 
as nuclear medicine is concerned, bone scintigraphy, positron emission 
tomography/computed tomography (PET/CT), and radiology techniques 
have been performed in CRPC patients. Bone evaluation by CT is limited 
by osteoporosis. In addition, interpretation of the osteoclastic flare response 
may be difficult. Although MRI is considered the most accurate radiation 
technique for detecting axial skeletal metastases and assessing spinal cord 
compression, MRI and especially diffusion-weighted images are being 
studied as a way to evaluate the response of bone metastases to CRPC 
patients [23, 24]. Conventional bone radiographs can be used to give 
specificity to bone scintigraphic findings and to assess the risk of limb 
fractures. 


22.3.5.2 Markers 


A recent analysis from the ALSYMPCA study showed significant 
differences between the radium-223-treated group and placebo in ALP 
reduction, normalization, and median time to ALP increase [7]. Radium- 
223 has been shown to increase OS in both patients with baseline ALP 
<220 U/L and>220 U/L. However, there are indications of a correlation of 
pretreatment ALP levels (=146 U/L) and increased risk of death, 
progression time, skeletal-related events, and bone marrow failure, 
suggesting baseline prognostic value [25]. 


22.3.5.3 Clinical Evaluation and Management of the 


Patient during Treatment 


Survival benefits were consistent regardless of baseline pain level in 
ALSYMPCA [26]. During the first-second cycle, the patient may 
experience pain as a “flare phenomenon.” However, this pain is often 
reduced and daily activity has been improved, after injections of radium- 
223. Considering the safety and feasibility observed in the ALSYMPCA 


trial, a careful balance of risks and advantages should be made with 
previous or concomitant external beam radiotherapy on bone metastases 
being considered [7]. Clinical trials show the benefits of pain and extended 
time to SSE development with radium-223, allowing the use of 
simultaneous bisphosphonates. In addition, there is an efficacy benefit when 
co-administered with denosumab as indicated in the International 
Standardized Access Program (iEAP), and co-administration is permitted. It 
is recommended that vitamin D (25-hydroxycholecalciferol) > 1000 UI/die 
and calcium 500 mg/die be properly administered when both radium-223 
and bisphosphonate or denosumab are administered simultaneously. 
Vitamin D and calcium supplementation is not recommended for radium- 
223 administration without bone turnover inhibitors. If the diameter of the 
short axis is less than 3 cm, patients with nodular disease can be treated. 
Careful evaluation of lymph node status should be made for expansion and 
localization. Combining Radium-223 with the node EBRT is safe and can 
be considered. 


22.4 Summary 


Radium-223 therapy changed the treatment landscapes of mCRPC patients. 
With the establishment of radium-223 as a treatment option for prostate 
cancer, an ongoing investigation will help optimize sequencing, understand 
the potential benefits of hormone-sensitive prostate cancer, and identify 
new molecular, serological, or biologic predictors and the potential synergy 
of radium-223. 


References 


1. Tannock IF, de Wit R, Berry WR, Horti J, Pluzanska A, Chi KN, et al. Docetaxel plus 
prednisone or mitoxantrone plus prednisone for advanced prostate cancer. N Engl J Med. 
2004;351(15):1502-12. 

[Crossref] 


2. de Bono JS, Oudard S, Ozguroglu M, Hansen S, Machiels JP, Kocak I, et al. Prednisone plus 
cabazitaxel or mitoxantrone for metastatic castration-resistant prostate cancer progressing after 
docetaxel treatment: a randomised open-label trial. Lancet. 2010;376(9747):1147-54. 
[Crossref] 


Beer TM, Armstrong AJ, Rathkopf DE, Loriot Y, Sternberg CN, Higano CS, et al. Enzalutamide 


10. 


11. 


12. 


13. 


14. 


15. 


in metastatic prostate cancer before chemotherapy. N Engl J Med. 2014;371(5):424-33. 
[Crossref] 


de Bono JS, Logothetis CJ, Molina A, Fizazi K, North S, Chu L, et al. Abiraterone and increased 
survival in metastatic prostate cancer. N Engl J Med. 2011;364(21):1995—2005. 
[Crossref] 


Ryan CJ, Smith MR, de Bono JS, Molina A, Logothetis CJ, de Souza P, et al. Abiraterone in 
metastatic prostate cancer without previous chemotherapy. N Engl J Med. 2013;368(2):138—48. 
[Crossref] 


Scher HI, Fizazi K, Saad F, Taplin ME, Sternberg CN, Miller K, et al. Increased survival with 
enzalutamide in prostate cancer after chemotherapy. N Engl J Med. 2012;367(13):1187-97. 
[Crossref] 


Parker C, Nilsson S, Heinrich D, Helle SI, O'Sullivan JM, Fossa SD, et al. Alpha emitter radium- 
223 and survival in metastatic prostate cancer. N Engl J Med. 2013;369(3):213-23. 
[Crossref] 


Baldari S, Boni G, Bortolus R, Caffo O, Conti G, De Vincentis G, et al. Management of 
metastatic castration-resistant prostate cancer: a focus on radium-223: opinions and suggestions 
from an expert multidisciplinary panel. Crit Rev Oncol Hematol. 2017;113:43-51. 

[Crossref] 


Saad F, Clarke N, Colombel M. Natural history and treatment of bone complications in prostate 
cancer. Eur Urol. 2006;49(3):429—-40. 
[Crossref] 


van Dodewaard-de Jong JM, Verheul HM, Bloemendal HJ, de Klerk JM, Carducci MA, van den 
Eertwegh AJ. New treatment options for patients with metastatic prostate cancer: what is the 
optimal sequence? Clin Genitourin Cancer. 2015;13(4):271-9. 

[Crossref] 


Mercadante S. Malignant bone pain: pathophysiology and treatment. Pain. 1997;69(1—2):1-18. 
[Crossref] 


Lam MG, de Klerk JM, van Rijk PP, Zonnenberg BA. Bone seeking radiopharmaceuticals for 
palliation of pain in cancer patients with osseous metastases. Anti Cancer Agents Med Chem. 
2007;7(4):381-97. 

[Crossref] 


Smart JG. The use of P32 in the treatment of severe pain from bone metastases of carcinoma of 
the prostate. Br J Urol. 1965;37:139-47. 
[Crossref] 


Porter AT, McEwan AJ, Powe JE, Reid R, McGowan DG, Lukka H, et al. Results of a 
randomized phase-III trial to evaluate the efficacy of strontium-89 adjuvant to local field 
external beam irradiation in the management of endocrine resistant metastatic prostate cancer. Int 
J Radiat Oncol Biol Phys. 1993;25(5):805-13. 

[Crossref] 


Serafini AN, Houston SJ, Resche I, Quick DP, Grund FM, Ell PJ, et al. Palliation of pain 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


associated with metastatic bone cancer using samarium-153 lexidronam: a double-blind placebo- 
controlled clinical trial. J Clin Oncol. 1998;16(4):1574-81. 
[Crossref] 


Sartor O, Reid RH, Hoskin PJ, Quick DP, Ell PJ, Coleman RE, et al. Samarium-153-Lexidronam 
complex for treatment of painful bone metastases in hormone-refractory prostate cancer. 
Urology. 2004;63(5):940—5. 

[Crossref] 


Sartor O, Hoskin P, Bruland OS. Targeted radio-nuclide therapy of skeletal metastases. Cancer 
Treat Rev. 2013;39(1):18-26. 
[Crossref] 


Carrasquillo JA, O'Donoghue JA, Pandit-Taskar N, Humm JL, Rathkopf DE, Slovin SF, et al. 
Phase I pharmacokinetic and biodistribution study with escalating doses of (2)(2)(3)Ra- 
dichloride in men with castration-resistant metastatic prostate cancer. Eur J Nucl Med Mol 
Imaging. 2013;40(9):1384—93. 

[Crossref] 


Dauer LT, Williamson MJ, Humm J, O’Donoghue J, Ghani R, Awadallah R, et al. Radiation 
safety considerations for the use of (2)(2)(3)RaCl(2) DE in men with castration-resistant prostate 
cancer. Health Phys. 2014;106(4):494—504. 

[Crossref] 


Hoskin P, Sartor O, O'Sullivan JM, Johannessen DC, Helle SI, Logue J, et al. Efficacy and safety 
of radium-223 dichloride in patients with castration-resistant prostate cancer and symptomatic 
bone metastases, with or without previous docetaxel use: a prespecified subgroup analysis from 
the randomised, double-blind, phase 3 ALSYMPCA trial. Lancet Oncol. 2014;15(12):1397—406. 
[Crossref] 


Nilsson S, Cislo P, Sartor O, Vogelzang NJ, Coleman RE, O’Sullivan JM, et al. Patient-reported 
quality-of-life analysis of radium-223 dichloride from the phase HI ALSYMPCA study. Ann 
Oncol. 2016;27(5):868—74. 

[Crossref] 


Sartor O, Hoskin P, Coleman RE, Nilsson S, Vogelzang NJ, Petrenciuc O, et al. Chemotherapy 
following radium-223 dichloride treatment in ALSYMPCA. Prostate. 2016;76(10):905-16. 
[Crossref] 


Lecouvet FE, Geukens D, Stainier A, Jamar F, Jamart J, d'Othee BJ, et al. Magnetic resonance 
imaging of the axial skeleton for detecting bone metastases in patients with high-risk prostate 
cancer: diagnostic and cost-effectiveness and comparison with current detection strategies. J Clin 
Oncol. 2007;25(22):3281-7. 

[Crossref] 


Padhani AR, Makris A, Gall P, Collins DJ, Tunariu N, de Bono JS. Therapy monitoring of 
skeletal metastases with whole-body diffusion MRI. J Magn Reson Imaging. 2014;39(5):1049— 
78. 

[Crossref] 


Fizazi K, Massard C, Smith M, Rader M, Brown J, Milecki P, et al. Bone-related parameters are 


26. 


the main prognostic factors for overall survival in men with bone metastases from castration- 
resistant prostate cancer. Eur Urol. 2015;68(1):42—50. 
[Crossref] 


Parker C, Finkelstein SE, Michalski JM, O'Sullivan JM, Bruland O, Vogelzang NJ, et al. 
Efficacy and safety of Radium-223 dichloride in symptomatic castration-resistant prostate cancer 
patients with or without baseline opioid use from the phase 3 ALSYMPCA trial. Eur Urol. 
2016;70(5):875-83. 

[Crossref] 


© Springer Nature Singapore Pte Ltd. 2018 
Choung Soo Kim (ed.), Management of Advanced Prostate Cancer, https://doi.org/10.1007/978-981- 
10-6943-7_23 


23. Immunotherapy for CRPC 


Sang Hyeon Cheon'™ 


(1) Department of Urology, Ulsan University Hospital, Ulsan, South 
Korea 


I Sang Hyeon Cheon 


23.1 Introduction 


CRPC had been considered to be chemoresistant until 2004 when docetaxel 
was approved by US Food and Drug Administration (FDA) as a first-line 
treatment for metastatic castration-resistant prostate cancer. Thereafter, 
docetaxel has become the standard treatment for patients with metastatic 
CRPC. Within the last decade, four new drugs, abiraterone, cabazitaxel, 
enzalutamide, and radium-223, have been approved for the treatment of 
various stages of CRPC. Despite the therapeutic options for CRPC has 
improved, immunotherapy is still an attractive approach since it can offer 
more sustainable disease control and long-term survival benefit. There are 
several features of prostate cancer that make it an ideal subject for 
immunotherapy, and in 2010, FDA approved sipuleucel-T based on 
improvement in overall survival (OS) in patients with CRPC. 

There are compelling evidences that prostate cancer may react to 
immunotherapy. There are studies that have examined the cellular 
components of prostate cancers showing that certain populations of immune 
cell may infiltrate the prostate gland [1, 2] such as natural effector cells, 
killer cells, and regulatory T cells, indicating that both the adaptive and 
innate routes of the immune system may play a role in initiating an attack 
against prostate cancer cells [3]. Even though immunotherapy for prostate 


cancer has fell short in the past, this modality has reclaimed the spotlight 
due to the recent success of immune checkpoint inhibition in other tumor 
types such as melanoma. 

Since prostate cancer is an immeasurable disease by radiologic 
modalities, the main end point for most studies assessing the new drugs 
targeting prostate cancer is overall survival (OS). Although PSA response 
has shown to correlate with symptomatic improvement or survival by 
several studies, it still has not been accepted as a surrogate end point of OS, 
so far [4-8]. 

Prostate cancer has several characteristics that make it attractive for 
immunotherapy. It is an indolent tumor that has slow growth kinetics, 
allowing sufficient window to generate immune responses, and recurrence 
can be diagnosed early since the advent of PSA. Various tumor-associated 
antigens (TAAs) have been identified and characterized such as prostate- 
specific antigen (PSA) and prostate-specific membrane antigen (PSMA), 
which can serve as targets for activated immune cells. Vaccines can be used 
with a good safety profile since the prostate is not a vital organ such as the 
liver and colon, and elimination of residual normal prostate tissue by 
immune response leaves no clinical sequelae. 

This chapter reviews the recent development of clinical trials and 
discusses the future perspectives for immunotherapy regarding CRPC 
treatment paradigms. 


23.2 Vaccine-Based Immunotherapy 


Vaccine-based immunotherapy is to stimulate the immune system to target 
specific tumor-associated antigens (TAAs) overexpressed on cancer target 
cells with less collateral damage to normal tissues. For CRPC, there are 
four types of vaccine-based immunotherapies classified as autologous, cell- 
based, viral-based, and peptide-based vaccines. 


23.2.1 Sipuleucel-T (Provenge, APC8015) 


Sipuleucel-T is an autologous dendritic cell-based vaccine designed to 
target PAP. APCs are collected from the patient’s own blood via 
leukapheresis and in vitro incubated with a recombinant fusion protein 
containing granulocyte-macrophage colony-stimulating factor (GM-CSF) 


and PAP protein [9, 10]. The primed, antigen-loaded APCs (vaccine) are 
then reinfused into the patient three times at biweekly intervals to stimulate 
antitumor immune response [11]. Phase I/II trials showed appreciable T- 
cell-medicated immune responses and antibodies against the fusion protein 
and a 50% decrease in the PSA levels with low toxicity [12—15]. Three 
phase III clinical trials have been conducted with promising results. In the 
first two studies (D9901, D9902A), men with asymptomatic or minimally 
symptomatic CRPC were randomized to placebo or sipuleucel-T [16, 17]. 
The integrated analysis of both studies (n = 225) showed no improvement 
in TTP, the primary end point, but a median benefit of 4.3 months in OS 
compared with placebo, the risk of death being 33% reduced. In both 
studies, the toxicity profile was acceptable, the most common side effects 
being flu-like symptoms. The approval of sipuleucel-T to be the first 
therapeutic cancer vaccine by the FDA in 2010 was based on the third 
larger phase III trial (IMPACT; n = 512). The primary end point was OS 
rather than TTP. Sipuleucel-T improved survival by 4.1 months compared 
with placebo, and no significant difference was shown between groups in 
PSA response or PFS. Sipuleucel-T was well tolerated with minimal 
toxicity. Common adverse events were chill, fever, and headache [18]. 

An exploratory analysis was conducted to evaluate the prognostic and 
predictive value using data from the IMPACT trial showing that the 
strongest prognostic value was PSA and treatment effect of sipuleucel-T 
appeared to have an inverse relation with baseline PSA. Patient with a 
lower baseline PSA had a median OS of 41.3 months which is 13 months 
improvement than placebo. On the contrary, those with a higher baseline 
PSA had a median OS of 18.4 moths with only 2.8 months improvements 
[19]. This implies that immunotherapy should be started as early as possible 
with a greater treatment benefit in disease with more favorable baseline 
prognostic factors in the earlier stage. 


23.2.2 GVAX 


GVAX (Cell Genesys, Inc., San Francisco, CA, USA) is a cell-based 
vaccine based on a platform of irradiated castrate-sensitive (LNCaP) and 
castrate-resistant (PC3) cell lines modified genetically to bear GM-CSF, an 
immunostimulatory cytokine. Using the whole cells not only induces APC 
recruitment on the injection site but also activates the immune response 
medicated by macrophage and T cells [20]. Phase I/II dose escalating study 


of patients with metastatic castration-resistant prostate cancer showed that 
GVAX was associated with PSA decrease and stabilization, tolerable 
toxicity profiles, and a median OS time of 35, 0.0, 20.0, and 23.1 months 
for the high-, medium-, and low-dose groups, respectively. In patients in the 
medium- and low-dose level groups, there was a lower benefit (medium 
dose, 20 vs. 20 months; low dose, 18 vs. 23.1 months). The most common 
adverse events were injection site reactions and fatigue [21]. 

These results led to two phase III studies (VITAL-1 and VITAL-2) 
which failed to show improved outcomes, and the trials were terminated 
early according to futility. However, the GVAX group showed a tendency to 
improved survival after 22 months, implying that GVAX may especially 
benefit patients with an expected survival of >18 months [22—24]. It is 
unclear whether the failure reflects a defect in clinical design or a true 
deficiency of vaccine efficacy. GVAX continues to be explored in different 
schedules in order to optimize the efficacy, in combined regimens, and in 
other cancer types [25]. 


23.2.3 PROSTVAC (PSA-TRICOM) 


Prostvac (Bavarian Nordic, Kvistgaard, Denmark) is a PSA-directed 
poxviral vector-based vaccine consisting of vaccinia virus and a fowlpox 
virus encoding human PSA and three co-stimulatory molecules (TRICOM; 
B7.1, intercellular adhesion molecule 1 (ICAM-1); and lymphocyte 
function-associated antigen 3 (LFA-3)) which serve to increase PSA- 
specific immune response [26]. Several early trials demonstrated that the 
prime-and-boost regimen was well tolerated with tolerable toxicities 
consisting mainly of fever and injection-site reactions [27—30]. Ina 
multicenter phase II study of patients (n = 125) with minimally 
symptomatic CRPC, PROSTVAC resulted in an 8.5 months survival 
advantage (25.1 s 16.6 months) without any differences in terms of time to 
tumor progression. At 3-year follow-up, 30% of PROSTVAC arm was alive 
compared to 17.5% of control arm [31]. It is not sure whether the survival 
benefit reported in the lack of a PFS improvement is due to the distinctive 
patterns of responses with immunotherapy or due to a confounding factor, 
as has been proposed as occurring in the IMPACT trial. A global, 
randomized, double-blind, placebo-controlled phase III study (PROSPECT, 
NCT01322490) is to test whether PROSTVAC alone or in combination with 
GM-CSF is effective in prolonging OS in men with asymptomatic or 


minimally symptomatic in mCRPC patients [32]. 1297 patients were 
enrolled by January 2015, and the final results are expected in the fourth 
quarter of 2017. 


23.2.4 Personalized Peptide Vaccination 


The complexity of immune responses against heterogeneous tumor cells 
leads to an idea that a more tailored selection of vaccine antigens 
appropriate for individual patients could be a reasonable approach for 
developing more effective cancer vaccines. Personalized peptide 
vaccination (PPV) is an immunotherapy that uses multiple cancer peptides 
that are selected to complement preexisting host immunity [33]. PPV 
screens patients for their immune response against a panel of epitopes from 
TAAs before vaccinating them with up to four peptides to which they had 
reacted most strongly. Several phase I trials of PPV for mCRPC showed 
acceptable toxicity profiles, injection-site reactions being the most common 
[34—36]. In a crossover, randomized phase II trial of PPV plus low-dose 
estramustine phosphate (EMP) comparing standard dose EMP in CRPC 
patients (n = 57), median PFS was significantly longer in the PPV plus 
EMP arm (8.5 vs. 2.8 months), and median OS also favored the PPV plus 
EMP arm (p = 0.033) [37]. In a recent randomized controlled phase II trial 
of PPV plus low-dose dexamethasone versus dexamethasone only (n = 72) 
with chemotherapy-naive CRPC, 6-9 PFS was significantly longer in the 
PPV plus dexamethasone arm (22 vs. 7 months) and so was the median OS 
(73.9 vs. 34.9 months) [38]. In spite of the promising results of the phase II 
trials, the low number of enrolled patients and the lack of a placebo arm are 
the limitations. A phase III, randomized, placebo-controlled trial of PPV is 
underway in Japan, enrolling 333 docetaxel-refractory mCRPC patients 
(UMINO000011308). 


23.3 Immune Checkpoint Inhibitors 


These new agents typically interfere with the autoregulatory mechanisms of 
immune system, thus promoting T-cell activity and potentiating antitumor 
effects [39]. They are antibodies that target immunological checkpoint 
regulators such as cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) 
and PD-1 and its ligand (PD-L1). 


23.3.1 Ipilimumab (Anti-cytotoxic T-lymphocyte 
Antigen 4 [CTLA-4], MDX-010) 


Ipilimumab is a human monoclonal antibody that blocks negative signals 
sent to T cells through the cell-surface molecule cytotoxic T-lymphocyte 
antigen-4 (CTLA-A4), thus inhibiting a negative checkpoint, removing the 
physiologic brake, and augmenting the T-cell-mediated immune response 
[40]. This was the first FDA-approved immune checkpoint inhibitor for the 
treatment of relapsed metastatic melanoma, based on OS benefit seen in 
clinical trials [41]. This agent has also been evaluated in prostate cancer 
across a various range of disease setting. Several phase I/II trials have 
evaluated different schedules, doses, and combinations in mCRPC patients 
[42, 43]. CA184-107 (n = 50) is an open-label, multicenter phase I/II trial, 
evaluated ipilimumab with or without radiotherapy [42]. PSA level declined 
in 25% of patients treated with ipilimumab monotherapy and in 12% treated 
with ipilimumab plus radiotherapy. The most common immune-related side 
effects affected the gastrointestinal tract, skin, and liver, and ipilimumab did 
not appear to potentiate radiotherapy-associated toxicity. A phase III trial 
evaluated ipilimumab vs placebo after bone-directed therapy (n = 799) in 
patients who progressed on docetaxel chemotherapy [44]. No significant 
difference was noted in the primary end point of OS (11.2 vs. 10 months), 
but a modest benefit was observed in PFS favoring the ipilimumab arm (4.0 
vs. 3.1 months). Patients in the ipilimumab arm more frequently had >50% 
reduction of PSA (13.1 vs. 5.3%). A post hoc analysis of predefined 
subgroups demonstrated a greater benefit in patients with more favorable 
prognostic factors, such as no visceral metastases, alkaline phosphatase 
concentration < 1.5 times ULN, and hemoglobin concentration > 110 g/L. 
[44] In this group, median OS was 22.7 months and 15.8 months with 
ipilimumab and placebo, respectively (p-0.0038). A recent phase III trial 
assessing ipilimumab in the chemotherapy-naive mCRPC is setting 
randomized patients to ipilimumab or placebo (n = 400) [45]. Median OS 
was not significantly different between both arms (28.7 vs. 29.7 months). 
However, ipilimumab arm showed a modest PFS benefit of approximately 2 
months (5.6 vs. 3.8 months) and a better PSA response (23 vs. 8%). 
Diarrhea was the only grade 3/4 adverse event reported in >10% of 
ipilimumab-treated patients. Interestingly, contrary to the former study, this 


trial did not show a greater benefit of ipilimumab in patients with favorable 
prognostic factors. 


23.3.2 Anti-PD1/PDL-1 


T-cell surface molecule interacts with its ligand PD-L1 resulting in T-cell 
inhibition, and blocking this process potentiates antitumor immune 
response. The PD-1 pathway-targeting agents such as nivolumab and 
pembrolizumab and PD-L1 inhibitors such as atezolizumab have more 
recently received regulatory approval in other tumor types such as 
melanoma, bladder, lung, and kidney cancers [46—49]. There are more 
studies ongoing currently with all of these drugs in different settings. 


23.4 Conclusion 


Immunotherapy is a promising field in the evolving landscape of CRPC 
treatment but still in its infancy state. Many clinical data have shown that 
immune modulation can prolong survival with tolerable toxicities. 
However, surrogate biomarkers that can reflect the immune response and 
the impact of the treatments on OS need to be explored. Immunotherapy is 
thought to be most effective when disease burden is minimal or throughout 
the course of disease or with a combination yet to be discovered and 
schedule of different, complimentary mechanism of action. Further studies 
in this field may bring more light to the treatment approaches for CRPC. 


23.5 Summary 


The treatment options for metastatic castration-resistant prostate cancer 
(mCRPC) have been widened during the last decade. Immunotherapy has 
emerged as an attractive strategy for its possibility to provide durable 
disease control and long-term benefit. Since the approval of sipuleucel-T by 
FDA in 2010, several strategies targeting the immune system such as cancer 
vaccines and immune checkpoint inhibitors have shown promising results 
in many clinical trials. 
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24.1 Introduction 


Prostate cancer (PC) is the second most common cause of cancer-related 
mortality in US men, and 180,890 of new PC cases occurred in 2016 [1]. At 
the time of diagnosis, approximately 12% of patients had locally advanced 
PC, and about 4% of patients had PC with metastasis [2]. Cure for localized 
PC that is newly diagnosed is available with definitive therapy. However, 
almost 30% of patients with PC experience recurrence of PC and castration- 
resistant PC (CRPC) [2]. Many new drugs have been approved by the US 
Food and Drug Administration (FDA) as a therapeutic option for CRPC. 
Various pathways and targets have demonstrated major advances in 
understanding the mechanisms of acquiring castration resistance and 
showing progression of PC. In this chapter, the clinical trials in CRPC will 
be elaborated. A large number of new agents for CRPC that is based on 
various mechanisms are currently being studied worldwide. Clinical trials 
of CRPC are summarized in Table 24.1. 


Table 24.1 Ongoing clinical trials in castration-resistant prostate cancer 


Registry Enroll Completion Subject group 
number date? 


TAS3681 NCT02566772 Jun 2018 | TAS3681 Rec 
IPH2201 NCT02671435 Oct 2019 |IPH2201 


AZD8186 NCT01884285 |I 180 |Sep 2019 |AZD8186 monotherapy aie 
vs. combination with 
AZD2014 or abiraterone 


ae NCT02202447|1 |40 [Dec 2017 |EC1169 vs EC0652 
VBIR  [NCT02616185I (133 |Apr2019 |VBIR 


ADXS31-142 NCT02325557|I, I _ |51 Dec 2019 |ADXS31-142 vs. a 
ADXS31-142 + 
pembrolizumab (MK- 
3475) 
VT-464 NCT02012920 |1, II Aug 2016 |Treatment-naïve vs. Recruiting 
previous abiraterone and 
enzalutamide 
Alisertib NCT01848067 |I, II May 2018 |Alisertib + abiraterone Not 
recruiting 
Ipilimumab NCT01688492 |I, II Sep 2018 |Ipilimumab + abiraterone |Not 
E 


EPI-506 NCT02606123 Dec 2018 [EPI-506 [Recruiting | 


ARN-509 NCT01171898 7 II Dec 2017 |Previously abiraterone- Not 
treated chemotherapy- recruiting 
naive mCRPC 


ODM-204 NCT02344017 |I, II Dec 2017 |ODM-204 
ae 


SHR3680 NCT02691975 |I Jun 2020 |SHR3680 Recruiting | 
LEE011 NCT02494921 i II Dec 2019 |Docetaxel + ribociclib Recruiting 
(ribociclib) 
MK-3475 NCT02312557 |II 58 Jan 2020 |Pembrolizumab + Recruiting 
(pembrolizumab) enzalutamide 
GX301 NCT02293707 Nov 2019 |GX301 
Sipuleucel-T NCT01804465 II 54 Dec 2018 |Immediate vs. delayed Recruiting 
with ipilimumab sipuleucel-T + ipilimumab 
vs. 

Carfilzomib NCT02047253 | Apr 2019  |Carfilzomib 

a 


Olaparib NCT01682772 m [89 | Dec 2016 |Olaparib Recruiting 
CYT107 NCT01881867|II |54 |Jan2017 |CYT107 vs. no therapy 


Registry Enroll Completion Subject group 
number date? 
Indoximod NCT01560923 |II 47 Nov 2017 |Indoximod vs. placebo Not 
recruiting 


LY3023414 NCT02407054 | II Aug |May 2019 |LY3023414 + Recruiting 
enzalutamide vs. placebo 
+ enzalutamide 
MLN8237 NCT01799278 |II Jun 2017 + |Neuroendocrine prostate | Not 
(alisertib) cancer recruiting 


LY2157299 NCT02452008 | II Jul 2019 LY2157299 + Recruiting 
enzalutamide vs. 
enzalutamide 
Galeterone NCT01709734 |II 126 |Aug 2017 |Galeterone Not 
recruiting 
KPT-330 NCT02215161 | II 14 Jun 2018 |KPT-330 Not 
(selinexor) recruiting 
Everolimus NCT00976755 |II 37 Dec 2017 _|Everolimus Not 
recruiting 
PROSTVAC NCT02649855 | II 38 Jan 2020 [Simultaneous vs. Recruiting 
sequential docetaxel + 
PROSTVAC 
AMG386 NCT01553188 |II Jan 2018 |Abiraterone + AMG386 |Not 
vs. abiraterone recruiting 


AZD5363 NCT02525068 Jun 2018 | AZD5363 + enzalutamide |Recruiting | 


177Lu-J591 NCT00859781 |II 140 |Dec 2018 |177Lu-J591 + Keto vs. Recruiting 
111In-J591 + Keto 

BAY 1841788 NCT02200614 | III 1500 |Jun 2020 |BAY1841788 vs. placebo | Recruiting 

(ODM-201) 


DCVAC NCT02111577 | III 1170 |Jun 2019 |DCVAC + chemotherapy |Recruiting 
vs. placebo + 
chemotherapy 

Enz with NCT01949337 | TI 1311 |Dec 2019  |Enzalutamide vs. 

abiraterone enzalutamide + 
abiraterone + prednisone 

Enz NCT02003924 | III 1396 |Jun 2017 |Enzalutamide vs. placebo |Not 

recruiting 


“Final data collection date for primary outcome measure 


24.2 Therapeutic Strategies 
24.2.1 Cytotoxic Chemotherapy 


Docetaxel has gained acceptance as the standard treatment for CRPC 
patients. However, the requirement for new cytotoxic agents with 
effectiveness has been emphasized due to the inevitable progression of PC 
after treatment with chemotherapeutic agents. In previous study, induction 
of more than 50% reduction of PSA in patients who showed progression 
after docetaxel chemotherapy was reported with carboplatin [3]. The 
anticancer effect and overcoming the chemotherapy resistance were 
demonstrated with the everolimus, mTOR inhibitor, in addition to platinum- 
based chemotherapy [4]. The efficacy of combination therapy that uses 
everolimus and carboplatin for treatment of patients with metastatic PC was 
evaluated in Phase II trial [5]. The median survival time was 12.5 months in 
patients with metastatic PC who had experienced progression after 
treatment with docetaxel. No pharmacokinetic interactions were noted with 
the combination therapy. 


24.2.2 Androgen Pathway Targeted Therapy 


The 5a-androstenedione pathway is considered as a predominant pathway. 
Using this pathway, testosterone-mediated modulation can be bypassed by 
CRPC. The 17,20-lyase activity of cytochrome P450 17 (CYP17), 3B- 
hydroxysteroid dehydrogenase, and 5a-reductase activity are able to make 
an alternative pathway with cholesterol precursors. Cytochrome P450 17 is 
regarded as a potential treatment target for metastatic CRPC. Androgen 
receptor (AR) amplification is demonstrated in about 30% of CRPC. 
Increased expression of AR MRNA has been proposed as a process 
associated with decrease of hormone sensitivity as well as enhancement of 
intracellular converting of androgens and dihydrotestosterone. The AR 
antagonists that are second generation have been approved; however, more 
potent AR antagonists are still required. 


24.2.2.1 AR Inhibitors 


N-terminal domain is essential for AR transcriptional activity. EPI-001 
(ESSA, Vancouver, Canada) is related with AR N-terminal domain 
covalently [6]. EPI-001 inhibits the activity of AR transcription as well as 
its variants. And in xenograft model, it reduced the growth of CRPC. EPI- 
001 is expected to demonstrate efficacy in the treatment of CRPC showing 


progression after enzalutamide treatment. EPI-506 is an N-terminal domain 
inhibitor as well, and it is a prodrug of EPI-002 [7]. 

BAY 1841788 (ODM-201, Bayer, Leverkusen, Germany) is second- 
generation ligand-domain-binding AR antagonist. It makes binding with 
greater affinity to AR compared to enzalutamide. Not accumulating in the 
central nervous system is an advantage of BAY1841788. The ARAMIS 
which is the third clinical trial is undergoing. In Phase I and II clinical trials 
(ARADES), the median time to prostate-specific antigen (PSA) progression 
was 72.3 weeks and 20.3 weeks in chemo-naive patients and post- 
chemotherapy patients, respectively [8]. 

Another second-generation AR antagonist is JNJ-56021927 (ARN-509, 
Apalutamide, Aragon, San Diego, California). It binds to AR with high 
affinity, inhibits AR nuclear translocation, and blocks recruiting of 
coactivators. In the study of JNJ-56021927, the PSA response that was 
defined as reduction of PSA > 50% at 3 months was 91%, 88%, and 24% in 
treatment-naive cases without metastasis, treatment-naive cases with 
metastasis, and mild disease of post-abiraterone case, respectively. 
SPARTAN (NCT01946204) and ATLAS (NCT01171898) that are Phase ITI 
studies have been evaluating JNJ-56021927 in patients with nonmetastatic 
CRPC. Clinical trial using abiraterone is planned (NCT01792687). 


24.2.2.2 CYP17 Inhibitors 


Galeterone (VN/124-1, TOK-001, Tokai, Boston, Massachusetts, United 
States) is a semisynthetic steroid compound available orally. It inhibits PC 
with CYP17 inhibition and AR modulation. Optimal therapy in the aspect 
of efficacy and safety using galeterone in patients with CRPC who were 
treatment-naive regardless of metastasis was investigated in ARMOR2 
clinical trial (NCT 01709734). In treatment-naive metastatic CRPC patients 
who were treated with 2550 mg daily, PSA responses were reported with 
81-90% of patients achieving a PSA decline of >50% and 30%, 
respectively. Stable disease was reported in patients refractory to 
abiraterone, and this suggests the possibility of various responses for 
galeterone compared to other second-generation drugs [9]. 

ASP9521 (Astellas, Tokyo, Japan) is an oral, 176-hydroxysteroid 
dehydrogenase inhibitor. It seems to bypass the requirement of prednisone 
and does not show interference with the glucocorticoids synthesis. No 


biochemical or radiological response was observed with ASP9521 in 13 
patients who underwent chemotherapy in Phase I and II trials [10]. 

VT-464 (Viamet) is a novel CYP17 inhibitor with greater affinity to 
17,20-lyase compared to 17-hydroxylase. It does not need steroid 
administration. VT-464 is on underway in Phase I and II trials 
(NCT02012920). More selective inhibition of androgen synthesis and AR 
antagonism were found with VT-464 compared to abiraterone in preclinical 
studies [11]. 


24.2.3 Target Agents 


Target agents have been widely used in a variety of malignant tumors. Since 
a well-defined drug target in PC was not identified, the role of the target 
drug in PC was thought to be limited. However, efforts for developing 
targeted agents suitable for PC are increasing. Alisertib (Takeda 
Pharmaceutical Company, Osaka, Japan) is an Aurora A kinase inhibitor 
and it exhibits antitumor activity [12]. The incidence of expression in PC is 
only 5% of PC; however, in the case of neuroendocrine PC, 40% of 
expression of Aurora A kinase is found [13]. Complete inhibition of 
neuroendocrine marker expression has been noted following treatment with 
aurora kinase inhibitors. Phase II trials are currently undergoing 
(NCT01848067). 

OGX-011 (OncoGenex, Bothell, Washington, United States) has been 
reported to restore the sensitivity of docetaxel in PC cells which is 
docetaxel-resistant as an antisense inhibitor to clusterin [14]. In clinical 
trials of Phase II study, the overall survival was 23.8 months and 16.9 
months in the OGX-011 group and in the placebo group, respectively. 
Progression-free survival of 7.3 months was reported after combination 
therapy with docetaxel OGX-011, and progression-free survival of 6.1 
months was reported without OGX-011 [15]. Phase III clinical trial that was 
designed to compare combination therapy with cabazitaxel and 
prednisolone with OGX-011 was performed (NCT01578655). 

Everolimus (Novartis, Basel, Switzerland) is a mTOR inhibitor. 
Combination therapy with everolimus and bicalutamide was effective in 
patients with CRPC without prior bicalutamide treatment in a Phase II study 
[16]. In this study, 75% of patients (18/24) had PSA response. Currently, 
Phase II clinical trial is undergoing to investigate the everolimus 
monotherapy (NCT00976755). 


Tasquinimod (Ipsen, Paris, France) is a quinolone-3-carboxamide 
derivative. The median progression-free survival after treatment with 
tasquinimod was 7.6 months that is significantly longer than placebo (3.3 
months) in Phase II trial [17]. Stable disease and partial response were 52% 
and 7%, respectively, after treatment with tasquinimod. CRPC patients 
accompanying bone metastases had better progression-free survival than 
patients with lymph node or visceral metastases after treatment with 
tasquinimod. Accordingly, Phase III clinical trial regarding metastatic 
CRPC and bone metastases was performed with 1200 patients 
(NCT01234311). Although the results are currently not available, Active 
Biotech (Lund, Sweden) demonstrated that tasquinimod did not prolong 
survival (hazard ratio, 1.09; 95% confidence interval, 0.94—1.28). 
Concurrent trials with cabazitaxel (NCT01513733) and sipuleucel-T 
(NCT02159950) are undergoing. 

AZD5363 (Ootsuka, Japan) is a novel Akt inhibitor. It is known to 
induce autophagy [18]. In combination with docetaxel chemotherapy 
(NCT02121639) and enzalutamide (NCT02525068), Phase II clinical trials 
were conducted. KPT-330 (selinexor; Karyopharm, Newton, Massachusetts, 
United States) is a selective exportin-1 inhibitor that has anticancer effects 
in the PC model [19]. Phase II clinical trial has been conducted. It was 
found that Exportin-1-1 is overexpressed in PC and related with adverse 
pathologic findings. AMG386 (Amgen, Thousand Oaks, California, United 
States) which is known as trebananib is a new agent that inhibits endothelial 
cell proliferation in tumors. Currently, Phase I and Phase II clinical trials 
are undergoing to evaluate the efficacy of combination therapy with 
AMG386 and abiraterone in metastatic CRPC (NCT01553188). 

Cabozantinib (South San Francisco, California, United States), known 
as Exelixis, is a multi-kinase inhibitor for endothelial cell growth factor 
receptor 2 and MET. In the Phase II trial, CRPC patients treated with 
cabozantinib demonstrated a median progression-free survival of 23.9 
weeks, compared with 5.9 weeks in controls treated with placebo [20]. 
However survival gain was not found in Phase III clinical trials that were 
conducted in 2014. 

Arginine deaminase decreases plasma arginine levels and arouses 
damage to cancer cells which have arginine succinate synthase deficiency. 
Because of its high immunogenicity, arginine deaminase binds with 
polyethylene glycol to produce a therapeutic agent pegylated arginine 


deaminase (ADI-PEG 20, Polaris, San Diego, California, United States) that 
has a longer half-life. Autophagy and apoptosis were found in PC cells after 
treatment with ADI-PEG 20 in preclinical study [21]. The drug was proven 
to be tolerable in combination therapy with docetaxel in a Phase I study 
[22]. 


24.2.4 Vaccines 


DCVAC is a vaccine that is based on autologous dendritic cell. Docetaxel 
and DCVAC combined chemotherapy showed longer survival than expected 
without significant adverse events in Phase I and II trials (19 months vs. 
11.8 months) [23]. Currently, Phase III study is underway that evaluates the 
efficacy of combined therapy of DCVAC and standard chemotherapy 
(NCT02111577). 

PROSTVAC (Bavarian Nordic, Martinsried, Germany) is a cancer 
vaccine that is based on vector. In Phase II trial, it has been shown to be 
well tolerated in patients with symptomatic CRPC which is minimal and 
improved overall survival compared to the control (25.1 months vs. 16.6 
months) [24]. But, benefit in overall survival was not found in another 
Phase II study that investigated the effect of the combination therapy of 
PROSTVAC and docetaxel [25]. Phase II clinical trial investigating the 
efficacy of simultaneous or sequential therapy of docetaxel with 
PROSTVAC is underway (NCT02649855). 

GX301 (Genovax, London, United Kingdom) is a vaccine targeting 
human telomerase, and its safety and highly immunogenic efficacy were 
reported in patients with CRPC [26]. A Phase II study has been conducting 
(NCT02293707). 


24.2.5 Immunotherapy and Gene Therapy 


The humanized monoclonal antibody, 177Lu-J591 (ATLAB, Nantes, 
France), was developed in the form of a PET radioactive label that binds 
primarily to prostate-specific membrane antigen (PSMA) extracellular 
domain. It was reported that 177Lu-J591 J591 is a potential carrier of a 
cytotoxic agent conjugate that facilitates treatment effect [27]. Accordingly, 
it is considered as a promising radioimmunotherapy drug. Phase II clinical 
trial is underway (NCT00859781). 


Ipilimumab (Bristol-Myers Squibb, New York, United States), known as 
Yervoy, blocks the cytotoxic T-lymphocyte-related protein 4 (CTLA-4) 
activity. It is a monoclonal antibody that was approved by the FDA in 2011. 
Potential effect of radiotherapy for activating immune system in patient 
with PC had been suggested with prior studies [28, 29]. However, in Phase 
ITI study, it failed to show improvement of overall survival in patients 
treated with ipilimumab after radiotherapy, compared with patients treated 
with placebo treated after radiotherapy (11.2 months and 10.0 months, 
respectively) [30]. Combination trials with ADT (NCT01498978), 
abiraterone (NCT01688492), PROSTVAC (NCT02506114), and sipuleucel- 
T (NCT01804465) are in progress. 

A poly-ADT-ribose polymerase inhibitor Olaparib (AstraZeneca, 
London, UK) was approved for ovarian cancer treatment with BRCA1/2 
mutations. The DNA repair process includes poly-ADT-ribose polymerase, 
and genetic aberrations which are found in CRPC are considered to render 
sensitivity to poly-ADT-ribose polymerase inhibitors. Response rate of 33% 
in patients with post-docetaxel PC with defective DNA repair genes was 
reported with Olaparib treatment [31]. A Phase II clinical trial has been 
conducted (NCT01682772). 


24.3 Summary 


Docetaxel has gained acceptance as a standard treatment for CRPC patients. 
But for it is not sufficient in terms of prolonging survival, hence, the 
requirements for new drugs continues to exist. PC therapeutic strategies 
have recently been changed owing to emergence of novel agents. Research 
and development of new drugs based on several mechanisms are underway 
or awaiting approval. Recent developments in agents are expected to 
provide basis of optimal therapeutic option to patients with CRPC. 
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25.1 Introduction 


Symptom development in advanced castration-resistant prostate cancer 
(CRPC) patients can be attributed to local invasion of the tumor, metastasis 
to the bone, or compression of the spinal cord. Along the course of disease 
progression, 50—70% of the patients will eventually develop complications. 
Bone metastasis and consequent skeletal complications are the most 
common manifestations which may increase the risk of death from prostate 
cancer and decrease life quality. The clinical manifestations of bone 
metastasis include pain, skeletal-related events, and additional medical cost. 
Advancements in the understanding of the disease have resulted in the 
development of new palliation strategies. In this chapter, we examine 
several interventional options for local and systemic disease manifestation, 
bone-targeted palliative agents, and bone-targeted agents which potentially 
improve survival and management strategies for spinal cord compression. 


These treatments include various agents, namely, bisphosphonates, human 
monoclonal antibodies, and alpha- and beta-emitting radiopharmaceuticals. 


25.1.1 Pain Caused by Local Manifestation 


Palliation of local symptoms and maintaining a good quality of life are 
major goals in the treatment landscape of symptomatic metastatic 
castration-resistant prostate cancer (mCRPC). Early diagnosis and 
intervention of local manifestations related to progression of the disease are 
important for maximizing quality of life. 


25.1.1.1 Bladder Outlet and Ureteric Obstruction 


Prostate enlargement or local bleeding may cause bladder outlet and/or 
ureteric obstruction. For the treatment of lower urinary tract symptoms 
(LUTS), transurethral resection of the prostate (TURP) with palliative 
purpose is a feasible option for symptoms intractable to medication [1]. 
Palliative radiotherapy is an alternative treatment for symptoms caused by 
bladder outlet obstruction with treatment efficacy reported in up to 63% of 
patients [1]. 

Ureteric obstruction can be caused by both tumor infiltration and 
compression [2, 3]. For symptomatic patients, urinary diversion should be 
considered to relieve the obstruction. For asymptomatic patients, urinary 
diversion can be considered for the less dilated and better functioning 
kidney. A nephrostomy catheter is superior to a JJ stent; however, ureteral 
stenting can be considered for patients desiring an internal diversion. 
Palliative radiotherapy is another option to relieve the obstruction with a 
response rate reported in up to 62% of patients. 


25.1.1.2 Lymphedema 


Patients with metastatic lymph nodes may present with lymphedema of the 
lower extremities. Supportive treatments including compressive stockings 
or pressure pumps may improve functional deficit and alleviate pain and 
discomfort. 


25.1.1.3 Ileus 


Ileus can be caused by local compression and obstruction of the rectum. 
Surgery and rectal stenting are options to relieve the mechanical 
obstruction. Laxatives may improve motility and reduce pain for paralytic 
ileus caused by tumor involvement of the nerve plexus or secondary 
constipation caused by opioid analgesics. 


25.1.1.4 Neuropathy 


Nerve plexopathies can be caused by extensive skull metastasis with cranial 
nerve involvement, direct pelvic tumor invasion, or by extensive liver 
metastasis. Complete neurological evaluation should be performed, 
followed by pharmacological pain management including tricyclic 
antidepressants (amitriptyline), anticonvulsants (gabapentin, pregabalin), or 
corticosteroids for cranial nerve involvement. Neurolytic procedures (nerve 
block) can be considered for neuropathies caused by direct tumor invasion. 
Discontinuation of neurotoxic drugs such as docetaxel or cabazitaxel can be 
considered for intractable symptoms. 


25.1.2 Pain Caused by Bone Metastasis 


Bone metastasis associated with prostate cancer (PCa) is predominantly a 
blastic feature, reflecting a predominance of osteoblastic activity [4]. Bone 
metastasis is the most common etiology of chronic pain in patients 
diagnosed with mCRPC, while more than 20% of patients with bone 
metastases do not suffer from pain [2, 5]. Painful areas shown on bone scan 
should be evaluated with plain x-rays or computed tomography imaging to 
exclude osteolytic lesions or pathologic fractures. This is more important 
when the painful area is at weight-bearing sites. The choice and initiation of 
interventional therapy should depend on the metastatic site and on the 
patient’s performance status. Therapeutic options should be tailored for 
each patient, preferably those with fewest side effects being the first-line 
option. 


25.1.2.1 Single Lesion 


Radiation Therapy 
Palliation of focal bone pain, improvement in the quality of life, and the 
reduction of the risk of pain arising from sites to become symptomatic can 


be achieved with external beam localized radiation therapy [6]. There are 
various techniques, from higher doses given in less fractions to lower doses 
given over a longer period. The biological effect of radiotherapy depends on 
the total dose that is delivered, the number of treatment fractions, and the 
total period of the radiation. Stereotactic ablative radiation therapy is a 
novel radiation therapy which uses organ-limited approaches and has been 
reported with excellent outcomes. With radiation therapy, approximately 
70% of the patients have been reported to achieve a complete relief of 
symptoms [7]. 


Orthopedic Surgery 

Orthopedic surgery should be considered if more than half of the thickness 
of the bony cortex is involved in the metastasis [8, 9]. A sequential 
combination of radiofrequency and cementoplasty is a feasible option for 
painful osseous metastases [10]. 


25.1.2.2 Multiple Lesions 


Systemic Analgesics 

Nonsteroidal anti-inflammatory drugs alone can be used for chronic pain 
due to bone metastases. Dose escalation can be considered according to the 
response and side effects. Tramadol and dihydrocodeine extended-release 
tablets are commonly used agents. Morphine is the treatment of choice for 
moderate to severe degree pain. An alternative is hydromorphone; however, 
no clinically significant difference was shown when compared to morphine 
[11]. 


Bisphosphonates 

Bisphosphonates, a class of drugs that is used to treat osteoporosis by 
preventing loss of bone mass, can be alternatively used as a supportive care 
for patients with pain caused by bone metastases. Bisphosphonates reduce 
bone resorption through the inhibition of osteoclastic activity and 
proliferation. Zoledronic acid is a potent bisphosphonate which reduces the 
frequency of skeleton-related events, delays the time to the first occurrence, 
and reduces pain compared with placebo [12, 13]. Moreover, zoledronic 
acid and pamidronate increase bone mineral density in men receiving long- 
term androgen deprivation therapy [14, 15]. Zoledronic acid is given at a 
dose of 4 mg intravenously every 4 weeks. Side effects include myalgia, 


fatigue, and anemia. Concomitant administration of oral calcium 
supplements and vitamin D is recommended owing to the possibility of 
hypocalcemia. A devastating complication of zoledronic acid is the 
osteonecrosis of the mandibular bone and consequent severe jaw pain. The 
benefit of other bisphosphonates, including etidronate, clodronate, 
ibandronate, and alendronate, has been studied in prospective randomized 
clinical trials; however, the efficacies of other bisphosphonates are 
inconclusive [16, 17]. 


Receptor Activator of Nuclear Factor-KB Ligand Inhibitors 

Denosumab is a fully human monoclonal antibody against RANKL. 
Compared to zoledronic acid, denosumab has shown to improve the time to 
first skeletal-related events by 3.6 months and to prolong the time to first 
and subsequent skeletal-related events [18]. However, denosumab showed 
no benefits over other bone-targeted agents with regard to quality of life, 
pain management, progression-free survival, and overall survival. Toxicities 
of denosumab include nausea, fatigue, hypocalcemia, hypophosphatemia, 
and osteonecrosis of the jaw. Therefore, supplementary use of calcium and 
vitamin D is recommended. The recommended dose of denosumab is 120 
mg administered subcutaneously every 4 weeks. 


Radiopharmaceuticals 

Beta Emitter 

The beta emitters, strontium-89 (89Sr) and samarium-153 (153Sm), were 
historically the most commonly used radiopharmaceutical compounds [6, 
19]. These agents were effective adjunctive therapies to local field 
radiotherapy, which improved progression-free survival and reduced the 
risks of future radiotherapy and analgesic support [19, 20]. With the 
improvement in the quality of life, 89Sr and 153Sm were both FDA 
approved for the palliative management of mCRPC; however, neither 
radiopharmaceutical demonstrated to improve overall survival. 


Alpha Emitter 

The alpha-emitting radiopharmaceutical, radium-223 (Ra-223), is anew 
concept radiopharmaceutical which delivers intense and highly localized 
radiation to the bone [21]. Alpha particles are approximately 7000 times 
heavier than beta particles, and one or two hits can induce cell death, in 
comparison with hundreds or thousands of hits required with beta particles. 


Moreover, alpha particles have a very short path length (<100 um), by 
which surrounding the healthy bone can be maximally spared [22]. 

The ALSYMPCA trial was a randomized, double-blind, placebo- 
controlled phase III trial which compared Ra-223 versus placebo in men 
diagnosed with mCRPC without visceral or lymph node metastases [23]. 
Ra-223 was administered at a dose of 50 kBq/kg (intravenous) every 4 
weeks for a total of six doses. Overall survival was improved by Ra-223 
compared to placebo which resulted with a median survival improvement of 
3.6 months. Moreover, Ra-223 showed benefit for secondary endpoints 
including time to first symptomatic skeletal event and quality of life. Based 
on the results of this trial, Ra-223 gained FDA approval for its use in 
patients with symptomatic bone metastatic CRPC. 


25.1.3 Spinal Cord Compression 


The collapse of a vertebral body or pressure exerted from a metastatic 
tumor within the spinal canal may cause spinal cord compression. The 
overall incidence of spinal cord compression in patients with prostate 
cancer is less than 10%, and the most common site is the thoracic cord. 
Early identification and intervention of spinal metastasis are important to 
preserve ambulatory ability and bladder and bowel function and to prevent 
and delay the onset of pain [24]. 

High-dose intravenous glucocorticoids should be the first therapeutic 
intervention in patients with suspected or documented spinal cord 
compression. The most commonly used agent is dexamethasone at daily 
doses from 16 to 100 mg. A loading dose of 10 mg followed by 4-10 mg 
every 6 h is administered. On improvement of symptoms, dose tapering 
may be performed throughout a 2—3-week period. 

Definitive surgical intervention using spinal stabilization with anterior 
decompression or radiotherapy can be considered. Although radiotherapy is 
the mainstay of spinal cord compression, primary decompressive surgery 
could be considered for patients with compression at a single site, 
paraplegia of less than a 48-h period, tumors that are not radiosensitive, and 
patients’ survival that is predicted to be longer than 3 months [25]. This is 
evident from a report suggesting that decompressive surgery after 
radiotherapy could result with better surgical outcome compared to 
performing radiotherapy alone [26]. Treatment selection should depend on 


the overall prognosis of the patient and status of the underlying 
comorbidities. 


25.2 Summary 


1. Early diagnosis and intervention of local symptoms in symptomatic 
mCRPC patients are essential in maintaining a good quality of life. 


2. The choice of treatment for bone metastasis should depend on the site 
and number of the pathology and on the patient’s physical condition. 
Therapeutic options include systemic analgesics, external beam 
radiation therapy, surgery, bisphosphonates, RANKL inhibitors, and 
radiopharmaceuticals, which should be tailored for each patient. 


3. Initial treatment for spinal cord compression symptom should include 
high-dose intravenous glucocorticoid injection. Definitive treatment 
with surgery or radiotherapy should then be considered. 
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